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BACKGROUND OF THE INVENTION 



The present application is a continuation-in-part of 
co-pending U.S. Patent Application Serial Number 08/145,826, 

5 filed October 29, 1993; which is a continuation-in-part of U.S. 
Patent Application Serial Number 07/960,543, filed October 13, 
1992; which is a continuation-in-part of U.S. serial number 
07/665,538, filed March 6, 1991; the entire text and figures of 
which disclosures are incorporated herein by reference without 
10 disclaimer. The government owns rights in the present invention 
pursuant to NIH grants ROl CA 45187 and CA 16672, and Training 
Grants CA 09611 and CA 45225. 

1. Field of the Invention 

15 

The present invention relates generally to the area of novel 
strategies for the improvement of chemotherapeutic intervention. 
In other aspects, the present invention provides novel methods 
and compositions that combine the potency of DNA damaging agents 
20 with the combined delivery of a tumor suppressor. The 

combination of DNA damaging factors with the heterologous 
expression of a tumor suppressor gene lead to a pronounced 
synergy over and above the actions of the individual components. 

25 2. Description of Related Art 

Current treatment methods for cancer, including radiation 
therapy, surgery, and chemotherapy, are known to have limited 
effectiveness. Lung cancer alone kills more than 140,000 peopls 
30 annually in the United States. Recently, age-adjusted mortality 
from lung cancer has surpassed that from breast cancer in women. 
Although implementation of smoking-reduction programs has 
decreased the prevalence of smoking, lung cancer mortality rates 
will remain high well into the 21st century. The rational 
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development of new therapies for lung cancer will depend on an 

understanding of the biology of lung cancer at Che molecular 
level . 

5 It is now well established that a variety of cancers are 

caused, at least in part, by genetic abnormalities that result in 
either the over expression of one or more genes, or the 
expression of an abnormal or mutant gene or genes. For example, 
in many cases, the expression of oncogenes is known to result in 
10 the development of cancer. "Oncogenes" are genetically altered 
genes whose mutated expression product somehow disrupts normal 
cellular function or control (Spandidos et al., 1989). 

Most oncogenes studied to date have been found to be 
15 "activated" as the result of a mutation, often a point mutation, 
in the coding region of a normal cellular gene, i.e., a "proto- 
oncogene", that results in amino acid substitutions in the 
expressed protein p^uduct. This alcered expression product 
exhibits an abnormal biological function that takes part in the 
20 neoplastic process (Travali et al . , 1990). The underlying 
mutations can arise by various means, such as by chemical 
mutagenesis or ionizing radiation. A number of oncogenes and 
oncogene families, including ras, myc, neu, raf, erh, sre, fms, 
jun and abl, have now been identified and characterized to 
25 varying degrees (Travali et al., 1990; Bishop, 1987). 

During normal cell growth, it is thought that growth- 
promoting proto-oncogenes are counterbalanced by growth- 
constraining tumor suppressor genes. Several factors may 
30 contribute to an imbalance in these two forces, leading to the 
neoplastic state. One such factor is mutations in tumor 
suppressor genes (Weinberg, 1991) 
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An important tumor suppressor gene is the gene encoding the 
cellular protein, p53, which is a 53 kD nuclear phosphoprotein 
that controls cell proliferation. Mutations to the p53 gene and 
allele loss on chromosome 17p, where this gene is located, are 
among the most frequent alterations identified in human 
malignancies. The p53 protein is highly conserved through 
evolution and is expressed in most normal tissues. Wild-type p53 
has been shown to be involved in control of the cell cycle 
(Mercer, 1992), transcriptional regulation (Fields et al., 1990, 
and Mietz et al., 1992), DNA replication (Wilcock and Lane, 1991, 
and Bargonetti et al., 1991), and induction of apoptosis (Yonish- 
Rouach et al . , 1991, and, Shaw et al., 1992) . 

Various mutant p53 alleles are known in which a single base 
substitution results in the synthesis of proteins that have quite 
different growth regulatory properties and, ultimately, lead to 
malignancies (Hollstein et al . , 1991). In fact, the p53 gene has 
been found to be the most frequently mutated gene in common human 
cancers (Hollstein et al . , 1991; Weinberg, 1991), and is 
particularly associated with, those cancers linked to cigarette 
smoke (Hollstein et al., 1991; Zakut-Houri et al., 1985). The 
overexpression of p53 in breast tumors has also been documented 
(Casey et al . , 1991). 

One of the most challenging aspects of gene therapy for 
cancer relates to utilization of tumor suppressor genes, such as 
p53. . It has been reported that transfection of wild-type p53 
into certain types of breast and lung cancer cells can restore 
growth suppression control in cell lines (Casey et al . , 1991; 
Takahasi et al., 1992). Although DNA transfection is not a 
viable means for introducing DNA into patients' cells, these 
results serve to demonstrate that supplying wild type p53 to 
cancer cells having a mutated p53 gene may be an effective 
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treatment method if an improved means for delivering the p53 gene 
could be developed. 

Gene delivery systems applicable to gene therapy for tumor 
5 suppression are currently being investigated and developed. 

Virus -based gene transfer vehicles are of particular interest 
because of the efficiency of viruses in infecting actual living 
cells, a process in which the viral genetic material itself is 
transferred. Some progress has been made in; this regard as, for 
10 example, in the generation of retroviral vectors engineered to 
deliver a variety of genes. However, major problems are 
associated with using retroviral vectors for gene therapy since 
their infect ivity depends on the availability of retroviral 
receptors on the target cells, they are difficult to concentrate 
15 and purify, and they only integrate efficiently into replicating 
cells. 

Tumor cell resistance to chemotherapeutic drugs represents a 
major problem in clinical oncology. NSCLC accounts for at least 
20 80% of the cases of lung cancer; patients with NSCLC are, 

however, generally unresponsive to chemotherapy (Doyle, 1993). 

One goal of current cancer research is to find ways to improve 
the efficacy of gene replacement therapy for cancer by 
investigating interaction between the gene product and 
25 chemotherapeutic drugs. The herpes simplex- thymidine kinase 
(HS-tK) gene, when delivered to brain tumors by a retroviral 
vector system, successfully induced susceptibility to the 
antiviral agent ganciclovir (Culver, et al., 1992) . The HS-tK 
gene product is an exogenous viral enzyme, whereas the wt-p53 
30 protein is expressed in normal tissues, suggesting that the 

modulation of chemoresistance by alterations in wt-p53 expression 
might be an alternative approach using a pathway mediated by an 
endogenous genetic program. 
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An adenovirus system has potential advantages for gene 
delivery in vivo, such as ease of producing high titer virus, 
high infection efficiency, and infectivity for many types of 
cells. The stability and duration of expression of the 
5 introduced gene are still controversial, however. The increase 
in p53 levels in cells that are sensitive to chemotherapeutic 
drugs can occur within 6 hours after DNA-damaging stimuli 
(Fritsche, et al., 1993, Zhan, et al., 1993), although increased 
p53 DNA binding activity can be reversed over the course of 
10 4 hours if the stimulus is removed (Tishler, et al., 1993). 

Therefore, a high level of p53 expression can be maintained even 
after cessation of drug exposure. The expression of wt-p53 
protein by Ad-p53 pealcs at postinf ection day 3 (14 -fold greater 
than endogenous wild type) and decreases to a low level by day 9 
15 (Zhang, et al . , 1993). This suggests that a transiently high 
level of wt-p53 expression is sufficient to initiate the 
cytotoxic program in the cancer cell . 

p53 has an important role as a determinant of 
20 chemosensitivity in human lung cancer cells. A variety of 
treatment protocols, including surgery, chemotherapy, and 
radiotherapy, have been tried for human NSCLC, but the long-term 
survival rate remains unsatisfactory. What is needed is a 
combination therapy that is used alone or as an effective 
25 adjuvant treatment to prevent local recurrence following primary 
tumor resection or as a treatment that could be given by 
intralesional injections in drug- resistant primary, metastatic, 
or locally recurrent lung cancer. Compositions and methods are 
also needed to developed, explore and improve clinical 
30 applicability of novel compositions for the treatment of cancer. 

Furthermore these methods and compositions must prove their value 
in an in vivo setting. 
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SUMMARY OF THE INVENTION 



The present invention addresses the need for improved 
therapeutic preparations for use in killing cells by combining 
5 the effects of a tumor suppressor gene or protein and a DNA 

damaging agent or factor. The present invention also provides 
compositions and methods, including those that use viral mediated 
gene transfer, to promote ej^ression of a wild-type tumor 
suppressor gene, such as p53, in. target cells and to deliver an 
10 agent or factor that induces DNA damage. The inventors 

surprisingly found that using the compositions disclosed herein, 
they were able to induce programmed cell death, also known as 
apoptosis, in a very significant number of target cells. 

15 Using the present invention the inventors have demonstrated 

a remarkable effect in controlling cell growth and in particular, 
tumor cell growth. Tumor cell formation and growth, also known 
as "transformation", describes the formation and proliferation of 
‘cells that have lost their ability to control cellular division, 
20 that is, they are cancerous. It is envisioned that a number of 
different types of transformed cells are potential targets for 
.the methods and compositions of the present invention, such as: 
sarcomas, melanomas, lymphomas, and a wide variety of solid 
tumors and the like. Although any tissue having malignant cell 
25 growth may be a target, lung and breast tissue are preferred 
targets. The present inventors disclose herein that a p53- 
expressing recombinant delivery vector was able to markedly 
reduce the growth rate of cells when used in conjunction with a 
DNA damaging agent . 

30 

The invention provides, in certain embodiments, methods and 
compositions for killing a cell or cells, such as a malignant, 
cell or cells, by contacting or exposing a cell or population of 
cells with a p53 protein or gene and one or more DNA damaging 
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agents in a combined amount effective to kill the cell(s). Cells 
that may be killed using the invention include, e.g., undesirable 
but benign cells, such as benign prostate hyperplasia cells or 
over-active thyroid cells; cells relating to autoimmune diseases, 
5 such as B cells that produce antibodies involved in arthritis, 

lupus, myasthenia gravis, squamous metaplasia, dysplasia and the 
like. 'Although generally applicable to killing all undesirable 
cells, the invention has a particular utility in killing 
malignant cells. "Malignant cells" are defined as cells that 
10 have lost the ability to control the cell division cycle, as 
leads to a "transformed" or "cancerous" phenotype. 

To kill cells, such as malignant or metastatic cells, using 
the methods and compositions of the present invention, one would 
15 generally contact a "target" cell with a p53 protein or gene and 
at least one DNA damaging agent in a combined amount effective to 
kill the cell. This process may involve contacting the cells 
with the p53 protein or gene and the DNA damaging agent (s) or 
factor (s) at the same time. This may be achieved by contacting 
20 the cell with a single composition or pharmacological formulation 
that includes both agents, or by contacting the cell with two 
distinct compositions or formulations, at the same time, wherein 
one composition includes the p53 protein or gene and the other 
includes the DNA damaging agent . 

25 

Naturally, it is also envisioned that the target cell may be 
first exposed to the DNA damaging agent (s) and then contacted 
with a p53 protein or gene, or vice versa. However, in 
embodiments where the DNA damaging factor and p53 are applied 
30 separately to the cell, one would generally ensure that a 

significant period of time did not expire between the time of 
each delivery, such that the DNA damaging agent and p53 would 
still be able to exert an advantageously combined effect on the 
cell. In such instances, it is contemplated that one would 
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contact the cell with both agents within about 12-24 hours of 
each other, and more preferably within about 6-12 hours of each 
other, with a delay time of only about 12 hours being most 
preferred. 

The terms "contacted" and "exposed", when applied to a cell, 
are used herein to describe the process by which a tumor 
suppressor gene or protein, such as p53, and a DNA damaging agent 
or factor are delivered to a target cell or are placed in direct 
juxtaposition with the target cell. To achieve cell killing, 
both agents are delivered to a cell in a combined amount 
effective to kill the cell, i.e., to induce programmed cell death 
or apoptosis. The terms, "killing", "programmed cell death" and 
"apoptosis" are used interchangeably in the present text to 
describe a series of intracellular events that lead to target 
cell death. The process of cell death involves the activation of 
intracellular proteases and nucleases that lead to, for example, 
cell nucleus involution and nuclear DNA fragmentation. An 
understanding of the precise mechanisms by which various 
intracellular molecules interact to achieve cell death is not 
necessary for practicing the present invention. 



DNA damaging agents or factors are defined herein as any 
chemical compound or treatment method that induces DNA damage 
25 when applied to a cell. Such agents and factors include 
radiation and waves that induce DNA damage, such as, 
y-irradiation. X-rays, UV-irradiation, microwaves, electronic 
emissions, and the like. A variety of chemical compounds, also 
described as "chemotherapeutic agents", function to induce DNA 
30 damage, all of which are intended to be of use in the combined 
treatment methods disclosed herein. Chemotherapeutic agents 
contemplated to be of use, include, e.g., adriamycin, 
5-fluorouracil (5FU) , etoposide (VP-16) , camptothecin, 
actinomycin-D, mitomycin C, cisplatin (CDDP) , and even hydrogen 
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peroxide. The invention also encompasses the use of a 
combination of one or more DNA damaging agents, whether 
radiation-based or actual compounds, such as the use of X-rays 
with cisplatin or the use of cisplatin with etoposide. In 
5 certain embodiments, the use of cisplatin in combination with a 
p53 protein or gene is particularly preferred as this compound. 

Any method may also be used to contact a cell with a p53 
protein, so long as the method results in increased levels of 
10 functional p53 protein within the cell. This includes both the 
direct delivery of a p53 protein to the cell and the delivery of 
a gene or DNA segment that encodes p53, which gene will direct 
: the expression and production of p53 within the cell. In that 
protein delivery is subject to such drawbacks as protein . 

15 degradation and low cellular uptake, it is contemplated that the 
use of a recombinant vector that expresses a p53 protein will 
provide particular advantages. 

A wide variety of recombinant plasmids and vectors may be 
20 engineered to expresses a p53 protein and so used to deliver p53 
to a cell. These include, for example, the use of naked DNA and 
. p53 plasmids to directly transfer genetic material into a cell 
(Wolfe et al., 1990); formulations of p53-encoding DNA trapped in 
liposomes (Ledley et al . , 1987) or in proteoliposomes that 
25 contain viral envelope receptor proteins (Nicolau et al., 1983); 

and p53 -encoding DNA coupled to a polylysine -glycoprotein carrier 
complex. 

The use of recombinant viruses engineered to express p53 is 
30 also envisioned. A variety of viral vectors, such as retroviral 
vectors, herpes simplex virus (U.S. Patent 5,288,641, 
incorporated herein by reference), cytomegalovirus, and the like 
may be employed, as described by Miller (Miller, 1992); as may 
recombinant adeno-associated virus (AAV vectors) , such as those 



- 10 - 




f 



described by U.S. Patent 5,139,941, incorporated herein by 
reference; and, particularly, recombinant adenoviral vectors. 
Techniques for preparing replication-defective infective viruses 
are well known in the art, as exemplified by Ghosh -Choudhury & 

5 Graham (1987); McGrory et al. (1988); and Gluzman et ai . (1982), 
each incorporated herein by reference. 

To kill a cell in accordance with the present invention, one 
would generally contact the cell with a p53 protein or gene and a 
•10 DNA damaging agent in a combined amount effective to kill the 

cell. The term "in a combined amount effective to kill the cell" 
means that the amount of p53 and DNA damaging agents are 
sufficient so that, when combined within the cell, the cell is 
induced to undergo apoptosis. Although not required in all 
15 embodiments, the combined effective amount of p53 and DNA 
damaging agent will preferably be an amount that induces 
significantly more cell death than the use of either element 
alone, and most preferably, the combined effective amount will be 
an amount that induces synergistic cell death in comparison to 
20 the effects observed using either element alone. 

A number of in vitro parameters may be used to determine the 
effect produced by the compositions and methods of the present 
invention. These parameters include, for example, the 
25 observation of net cell numbers before and after exposure to the 
compositions described herein, as well as the size of 
multicellular tumor spheroids formed, such as, those colonies 
formed in tissue culture. In vitro cell killing is particularly 
shown in Example 7 of the present disclosure. Alternatively, one 
30 may measure parameters that are indicative of a cell that is 

undergoing programmed cell death, such as, the fragmentation of 
cellular genomic DNA into nucleosome size fragments, generally 
identified by separating the fragments by agarose gel 
electrophoresis, staining the DNA, and comparing the DNA to a DNA 
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size ladder, Nucleosome size fragments are identified as a 
progressive steps or ladders of monomers and multimers having a 
base unit of about 200 basepairs. 

5 Similarly, a "therapeutically effective amount" is an amount 

of a p53 protein or gene and DNA damaging agent that, when 
administered to an animal in combination, is effective to kill 
cells within the animal. This is particularly evidenced by the 
killing of cancer cells, such as lung, breast or colon cancer 
10 cells, within an animal or human subject that has a tumor. 

"Therapeutically effective combinations" are thus generally 
combined amounts of p53 and DNA damaging agents that function to 
kill more cells than either element alone, and preferably, 
combined amounts that bring about a synergistic reduction in 
15 tumor burden. 

Studying certain in vivo and ex vivo parameters of cell 
death are therefore also effective means by which to assess the 
effectiveness of the composition and methods of the invention. 

20 For example, observing effects on the inhibition of 

tumorigenicity, as measured by TdT expression of frozen tissue 
sections or by using other staining methods and target antigens, 
as known to skilled pathologists. Naturally, other means of 
determining tumor mass, growth, and viability may also be used to 
25 assess the killing of target cells. In particular, one may 
assess the effects in various animal model systems of cancer, 
including those in which human cancer cells are localized within 
the animal. Animal models of cancer, unlike those of AIDS, are 
known to be highly predictive of human treatment regimens (Roth . 
30 et al . , editors (1989)). One exemplary embodiment of a 

predictive animal model is that in which human small-cell lung 
cancer cells (H358 cells) are grown subcutaneously. Using this 
system, the inventors have shown that p53 -bearing adenovirus 
instilled intratumorally , along with the co-administration of a 



- 12 - 




chemotherapeutic agent, gives rise to a surprisingly effective 
tumor reduction. 

A particularly preferred method of delivering a p53 protein 

5 to a cell is to contact the cell with a recombinant adenovirus 

virion or particle that includes a recombinant adenoviral vector 

comprising a p53 expression region positioned under the control 

of a promoter capable of directing the expression of p53 in the 
/ 

given cell type. 

10 

The p53 expression region in the vector may comprise. a 
genomic sequence, but for simplicity, it is contemplated that one 
will generally prefer to employ a p53 cDNA sequence as these are 
readily available in the art and more easily manipulated. In 

15 addition to comprising a p53 expression unit and a promoter 

region, the vector will also generally comprise a polyadenylation 
signal, such as an SV40 early gene ,or protamine gene, 
polyadenylation signal, or the like. 

20 In preferred embodiments, it is contemplated that one will 

desire to position the p53 expression region under the control of 
a strong constitutive promoter such as a CMV promoter, viral LTR, 
RSV, or SV40 promoter, or a promoter associated with genes that 
are expressed at high levels in mammalian cells such as 

25 elongation factor-1 or actin promoters. All such variants are 

envisioned to be useful with the present invention. Currently, a 
particularly preferred promoter is the cytomegalovirus (CMV) IE 
promoter. 

30 The p53 gene or cDNA may be introduced into a recombinant 

adenovirus in accordance with the invention simply by inserting 
or adding the p53 coding sequence into a viral genome. However, 
the preferred adenoviruses will be replication defective viruses 
in which a viral gene essential for replication and/or packaging 
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has been deleted from the adenoviral vector construct, allowing 
the p53 expression region to be introduced in its place. Any 
gene, whether essential (e.g. , ElA, ElB, E2 and E4) or non- 
essential (e.g., E3) for replication, may be deleted and replaced 
5 with p53 . Particularly preferred are those vectors and virions 
in which the ElA and ElB regions of the adenovirus vector have 
been deleted and the p53 expression region introduced in their 
place, as exemplified by the genome structure of Figure 1. 

10 Techniques for preparing replication defective adenoviruses 

are well known in the art, as exemplified by Ghosh- Choudhury and 
Graham (1987); McGrory et al. (1988); and Gluzman et al . , each 
incorporated herein by reference. It is also well known that 
various cell lines may be used to propagate recombinant 
15 adenoviruses, so long as they complement any replication defect 
which may be present. A preferred cell line is the human 293 
cell line, but any other cell line that is permissive for 
replication, i.e., in the preferred case, which expresses ElA and 
ElB may be employed. Further, the cells can be propagated either 
20 oh plastic dishes or in suspension culture, in order to obtain 
virus stocks thereof . 

The invention is not limited to El -lacking virus and 
El-expressing cells alone. Indeed, other complementary 
25 combinations of viruses and host cells may be employed in 

connection with the present invention. Virus lacking functional 
E2 and E2 -expressing cells may be used, as may virus lacking 
functional E4 and E4 -expressing cells, and the like. Where a 
gene which is not essential for replication is deleted and 
30 . replaced, such as, for example, the E3 gene, this defect will not 

need to be specifically complemented by the host cell. 

Other than the requirement that the adenovirus vectors be 
engineered to express p53, the nature of the initial adenovirus 
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is not believed to be crucial to the successful practice of the 
invention. " The adenovirus may be of any of the 42 different 
knovm serotypes or subgroups A-F. Adenovirus type 5 of subgroup 
C is the preferred starting material in order to obtain the 
5 conditional replication-defective adenovirus vector for use in 

the method of the present invention. This is because Adenovirus 
type 5 is a human adenovirus about which there is significant 
amount of biochemical and genetic information known, and which 
has historically been used for most constructions employing 
10 adenovirus as a vector. 

The methods and compositions of the present invention are 
equally suitable for killing a cell or cells both in vitro and in 
vivo. When the cells to be killed are located within an animal, 
15 e.g., lung, breast or colon cancer cells or other cells bearing a 

p53 mutation, both the p53 protein or gene and the DNA damaging 
agent will be administered to the animal in a pharmacologically 
acceptable form. The term "a pharmacologically acceptable form", 
as used herein, refers to both the form of any composition that 
20 may be administered to an animal, and also the form of contacting 
an animal with radiation, i.e., the manner in which an area of 
the animals body is irradiated, e.g., with y-irradiation, X-rays, 
UV- irradiation, microwaves, electronic emissions, and the like. 
The use of DNA damaging radiation and waves is known to those 
25 skilled in the art of irradiation therapy. 

The present invention also provides advantageous methods for 
treating cancer that, generally, comprise administering to an 
animal or human patient with cancer a therapeutically effective 
30 combination of a p53 protein or gene and a DNA damaging agent. 

This may be achieved using a recombinant virus, particularly an 
adenovirus, that carries a vector capable of expressing p53 in 
the cells of the tumor. The p53 gene delivering composition 
would generally be administered to the animal, often in close 
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contact to the tumor, in the form of a pharmaceutically 
acceptable' composition. Direct intralesional injection of a 
therapeutically effective amount of a p53 gene, such as housed 
within a recombinant virus, into a tumor site is one preferred 
5 method. However, other parenteral routes. of administration, such 
as intravenous, percutaneous, endoscopic, or. subcutaneous 
injection are also contemplated. 

In treating cancer according to the invention one would 
10 contact the tumor cells with a DNA damaging agent in addition to 
the p53 protein or gene. This may be achieved by irradiating the 
localized tumor site with DNA damaging radiation such as X-rays, 
UV-light, y-rays or even micrpwaves. Alternatively, the tumor 
cells may be contacted with the DNA damaging agent by 
15 administering to the animal a therapeutically effective amount of 
a pharmaceutical composition comprising a DNA damaging compound, 
cnrh 3 R. adriamycin, 5-f luorouracil, etoposide, camptothecin, 
actinomycin-D, mitomycin C, or more preferably, cisplatin. The 
DNA damaging agent may be prepared and used as a combined 
20 therapeutic composition, or kit, by combining it with a p53 
protein, gene or gene delivery system, as described above. 

. The surprising success of the present invention is evidenced 
by the finding that using Ad5CMV-p53 virus in combination with 
25 cisplatin yielded profound results in studies using a nude mouse 
model. The combined virus-DNA damage therapy regimen 
significantly inhibited the tumorigenicity of H358 cells, a cell 
that normally produces a significant tumor mass. The 
tumorigenicity of the lung cancer cells was inhibited through the 
30 treatment by Ad5CMV-p53, but not by the control virus expressing 
iucif erase, indicating that the p53 protein in combination with a 
DNA-damaging agent has great therapeutic efficacy. 
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A number of methods for delivering chemotherapeutic 
formulations, including DNA expression constructs, into 
eukaryotic cells are knovm to those of skill in the art. In 
light of the present disclosure, the skilled artisan will be able 
5 to deliver both DNA damaging agents and p53 proteins or genes to 
cells in many different effective ways. 

For in vivo delivery of DNA, the inventors envision the use 
of any gene delivery system, such as viral- and liposome-mediated 
10 transfection. As used herein, the term "transfection", is used 
to describe the targeted delivery of DNA to eukaryotic cells 
using delivery systems, such as, adenoviral, AAV, retroviral, or 
plasmid delivery gene transfer methods. The specificity of viral 
gene delivery may be selected to preferentially direct the gene 
15 to a particular target cell, such as by using viruses that are 

able to infect particular cell types. Naturally, different viral 
host ranges will dictate the virus chosen for gene transfer, as 
well as the likely tumor suppressor gene to be expressed for 
killing a given malignant cell type. 

20 ‘ 

It is also envisioned that one may provide the DNA damaging 
.chemotherapeutic agent through a variety of means, such as by 
using parenteral delivery methods such as intravenous and 
subcutaneous injection, and the like. Such methods are known to 
25 those of skill in the art of drug delivery, and are further 
described herein in the sections regarding pharmaceutical 
preparations and treatment. 

For in vitro gene delivery, a variety of methods may be 
30 employed, such as, e.g., calcium phosphate- or dextran sulfate- 
mediated transfection; electroporation; glass projectile 
targeting; and the like. These methods are known to those of 
skill in the art, with the exact compositions and execution being 
apparent in light of the present disclosure. 
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other embodiments concern compositions, including 
pharmaceutical formulations, comprising a p53 protein or gene in . 
combination with a DNA damaging agent, such as cisplatin. In 
such compositions, the p53 may be in the form a DNA secernent, 

5 recombinant vector or recombinant virus that is capable of 

expressing a p53 protein in an animal cell. These compositions, 
including those comprising a recombinant viral gene delivery 
system, such as an adenovirus particle, may be formulated for in 
vivo administration by dispersion in a pharmacologically 
10 acceptable solution or buffer. Preferred pharmacologically 

acceptable solutions include neutral saline solutions buffered 
with phosphate, lactate, Tris, and the like. 

Of course, in using viral delivery systems, one will desire 
15 to purify the virion sufficiently to render it essentially free 
of undesirable contaminants, such as defective interfering viral 
particles or endotoxins and other pyrogens such that it will not 
cause any untoward reactions in the cell, animal or individual 
receiving the vector construct. A preferred means of purifying 
20 the vector involves the use of buoyant density gradients, such as 
cesium chloride gradient centrifugation. 

Preferred pharmaceutical compositions of the invention are 
those that include, within a pharmacologically acceptable 
25 solution or buffer, a p53 protein, or more preferably a p53 gene, 
in combination with a chemotherapeutic DNA damaging agent. 
Exemplary chemotherapeutic agents are adriamycin, 5-fluorouracil, 
camptothecin, actinomycin-D, hydrogen peroxide, mitomycin C, 
cisplatin (CDDP) , and etopqside (VP-16), with the use of 
30 cisplatin being particularly preferred. 

Still further embodiments of the present invention are kits 
for use in killing cells, such as malignant cells, as may be 
formulated into therapeutic kits for use in cancer treatment. 
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The kits of the invention will generally comprise, in suitable 
container means, a pharmaceutical formulation of a recombinant 
vector that is capable of expressing a p53 protein in an animal 
cell, and a pharmaceutical formulation of a DNA damaging agent. 

5 The recombinant vectors and DNA damaging agents may be present 

within a single container, or these components may be provided in 
distinct or separate container means. In a preferred embodiment, 
the recombinant vector will be a recombinant p53 -expressing 
adenoviral vector present within an adenoyirus particle and the 
10 DNA damaging agent will be cisplatin. 

The components of the kit are preferably provided as a 
liquid solution, or as a dried powder. When the components are 
provided in a liquid solution, the liquid solution is an aqueous 
15 solution, with a sterile aqueous solution being particularly 
preferred. When reagents or components are provided as a dry 
powder, the powder can be reconstituted by the addition of a 
suitable solvent. It is envisioned that the solvent may also be 
provided in another container means. 

20 ■ 

BRIEF DESCRIPTION OF THE DRAWINGS 

The following drawings form part of the present 
25 specification and are included to further demonstrate certain 
aspects of the present invention. The invention may be better 
understood by reference to one or more of these drawings in 
combination with the detailed description of specific embodiments 
presented herein. 

30 

Figure 1. Scheme for generation of recombinant p53 adenovirus. 
The p53 expression cassette was inserted between the Xba I and 
Cla I sites of pXCJL.l. The p53 expression vector (pEC53) and 
the recombinant plasmid pJM17 were cotransfected into 293 cells. 
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The transfected cells were maintained in medium until the onset 
of the cytopathic effect. Identification of newly, generated p53 
recombinant adenoviruses (Ad5CMV-p53) by PCR analysis of the DNA 
using DNA templates prepared from the CPE supernatants treated 
5 with Proteinase K and phenol extraction. 

Figure 2A. Map used for the structural analysis of Ad5CMV-p53 
DNA. A map of Ad5CMV-p53 genomic DNA, with the locations of the 
p53 expression cassette, the PCR primers, and the restriction 
10 sites. The genome size is about 35.4 kb, divided into 100 maps 
units (1 m.u. = 0.35 kb). The p53 expression cassette replaced 
the El region (1.3-9. 2 m.u.) of the Ad5 genome. Primer 1 is 
located in the first intron downstream of the human CMV major IE 
gene promoter. Primer 2 is located in SV40 early polyadenylation 
15 signal. Both of the primers, 15-20 bp away from the p53 cDNA 

insert at both ends, define a 1.40 kb PCR product. Primers 3 and 
4 are located at 11 m.u. and 13.4 m.u. of Ad5 genome, 
respectively, which define a 0.86 kb viral-genome specific PCR 
product . 

20 

Figure 2B. Agarose gel analysis of PCR products. Two pairs of 
primers that define 1.4-kb (p53) and 0.86-kb (Ad5) DNA fragments 
were used in each reaction. DNA templates used in each reaction 
were pEC53 plasmid (lane 1), Ad5/RSV/GL2 DNA (lane 2), no DNA 
25 (lane 3), and Ad5CMV-p53 DNA (lane 4). The lane labeled (M) 
corresponds to molecular weight markers . 

Figure 2C. Restriction mapping of Ad5CMV-p53 DNA. CsCl -gradient 
purified Ad5CMV-p53 DNA samples were digested with no enzyme (U) , 
30 Hind III (H) , Bam HI (B) , Eco RI (E) , and Cla I (C) , 

respectively, and analyzed on 1% agarose gel. The lanes labeled 
(M) are molecular weight markers. 
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Figure 3A, 3B, 3C and 3D. Observation of cytopathic effects on 
293 by recombinant adenovirus. Figure 3A, 3B, 3C and 3D are a 
series of phase contrast images (x400) of 293 cells. Figure 3A, 
3B, 3C and 3D are four panels of a single page figure. Figure 
5 2A, before transfection; Figure 3B, negative control on day 12 

posttransfection; Figure 3C, onset of CPE on day 12 
posttransfection; Figure 3D, completion of CPE on day 14 post- 
transfection. 

10 Figure 4A, 4B, 4C, and 4D. Immunohistology of cells infected 
with recombinant adenoviruses. Figure 4A, 4B, 4C and 4D are a 
series of immunohistological images of H358 cells. Figure 4A, 

4B, 4C and 4D are four panels of a single page figure. 

Infectivity of Ad5CMV-p53 in H358 cells. H358 cells were 

15 infected with Ad5CMV-p53 or Ad5/RSV/GL2 at 50 PFU/cell for 24 h. 
Medium alone was used as a mock infection. The infected cells 
were analyzed by immunostainings . Figure 4A is a mock infection 
probed with anti-p53 antibody. Figure 4B are cells infected with 
the Ad5/RSV/GL2 control and probed with anti-p53 antibody. 

20 Figure 4C are Ad5CMV-p53 infected cells probed with an unrelated 
antibody (MOPC-21) . Figure 4D are cells Ad5CMV-p53 infection 
probed with anti-p53 antibody. The anti-p53 antibody used was 
Pab 1801, and the ayidin-biotin method was used for staining. 

25 Figure 5A. Coomassie-blue stained SDS-PAGE gel comparing the 
relative level of expression of exogenous p53 in H358 cells. 

H358 cell samples that were infected with Ad5CMV-p53 or 
Ad5/RSV/GL2 at 30 PFU/cell were prepared 24 and 72 h after 
infection. Coomassie blue staining of an SDS-PAGE analysis, 

30 showing relative quantities of protein samples loaded. Lanes l 
and 4 contain the samples of the Ad5/RSV/GL2- infected cells. 

Lanes 2 and 3 contain the samples of the cells infected with two 
individual stocks of Ad5CMV-p53 at 24 h after infection. Lanes 5 
and 6 are the Ad5CMV-p53- infected cell samples collected at 72 h 
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after infection. Lane 7 is mock- infected H358 sample 72 h after 
infection.’ Lane M, prestained molecular weight markers in kDa 
(GIBCO-BRL) . 

5 Figure 5B. Western blot analysis of the identical lane setting 

gel as that of the SDS-PAGE in Figure 5A. The relative levels of 
expression of p53 were analyzed by Western blotting using anti- 
p53 . Primary antibodies used were monoclonal antibodies against 
p53 protein (PAb 1801, Oncogene Science Inc.) and £-actin 
10 (Amersham Inc.). The HRP- conjugated second antibody and ECL 
developer were from Amershem Ihc .viral-infected H358 cells by 
Western Blotting. Western blot of Figure BBhave an equivalent 
setup and order to those in Figure 5A. 

15 Figure 6. Time course of the p53 expression, determined by 

Western blotting. Multiple dishes of H358 cells were infected 
with Ad5CMV-p53 at 10 PFU/cell. Cell lysates were prepared at 
indicated time points after infection. Western blotting was 
probed with anti-p53 and anti-actin antibodies simultaneously. 

20 The lanes designated 'C- represent negative controls. The 

histogram represents the relative quantities of p53 as determined 
. by a densitometer. 

Figure 7A. Growth curve of virally- infected human lung cancer 
25 cells of cell lines H358. Cells were inoculated at 10® cells per 
dish (60 mm) and 6 dishes per cell line. After 24 hours, the 
cells were infected with Ad5CMV-p53 or Ad5/RSV/GL2 at 10 m.o.i. 
(Multiplicity of infection, i.e., PFU/cell). After infection 
cells were counted daily for 6 days. The growth curves represent 
30 data obtained from 4 separate studies. 

Figure 7B. Growth curve of virally-infected human lung cancer 
cells of cell line H322. Cells were inoculated at 10® cells per 
dish (60 mm) and 6 dishes per cell line. After 24 hours, the 
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cells were infected with Ad5CMV-p53 or Ad5/RSV/GL2 at 10 m.o.i. 
(Multiplicity of infection, i.e., PFU/cell) . After infection 
cells were counted daily for 6 days. The growth curves represent 
data obtained from 4 separate studies. 

5 

Figure 7C. Growth curve of virally- infected human lung cancer 
cells of cell line H460. Cells were inoculated at 10® cells per 
dish (60 mm) and 6 dishes per cell line. After 24 hours, the 
cells were infected with Ad5CMV-p53 or Ad5/RSV/GL2 at 10 m.o.i. 

10 (Multiplicity of infection, i.e., PFU/cell). After infection 

cells were counted daily for 6 days. The growth curves represent 
data obtained from 4 separate studies. 

Figure 8. Flow chart of tests of Ad5CMV-p53 in orthotopic lung 
15 cancer model . The dosages and schedule of treatment of nude mice 
inoculated with H226Br cells and viruses are summarized in the 
flow chart. 

Figure 9A, 9B, 9C, and 9D. Samples of the lung and mediastinum 
20 dissection from treated and control mice. Figure 9A, 9B, 9C, and 
9D are four panels of a single figure. The mice were sacrificed 
. at the end of the 6 -week post treatment period. The lung and 
mediastinum tissues were dissected for evaluation of tumor 
formation. Figure 9A is a sample of mediastinal block from a 
25 normal nude mice; Figure 9B is the mediastinal block sample from 
the vehicle (PBS) -treated mice; Figure 9C is the mediastinal 
block sample from the Ad5CMV-p53 -treated mice; Figure 9D is the 
mediastinal block sample from the Ad5/RSV/GL2 -treated mice. 

Arrows indicate the tumor masses. 

30 , 

Figure lOA. The effects of continuous exposure to CDDP on the 
growth rates of parental, Ad-Luc- infected, and Ad-p53-infected 
H358 cells. H358 cells (1.5 x 10® cells/well) were seeded in 
duplicate on a 24 -well plate. After 24 hours, 100 of medium. 
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Ad-Luc viral stock (10® PFU/ml) , or Ad-p53 viral stock (10® 

PFU/ml) was added. Following an additional 24 -hour incubation, 
the medium that contained virus was replaced with fresh medium 
that contained 10 ng/ml of CDDP, 

Figure lOB. 24 -hour exposure to CDDP on the growth rates of 
parental, Ad-Luc -infected, and Ad-p53- infected H358 cells. Cells 
were exposed to CDDP (Fig. lOA) continuously or (Fig. lOB) for 24 
hours followed by recovery in drug-free medium. Cells that 
remained as an attached monolayer were assessed for viability 
over 5 days by measuring trypan blue uptake. The mean +/- SE is 
shown. The day 5 cell number for the Ad-p53:CDDP group differs 
significantly from all other groups for both A and B (p<0.05 by 
Student's t-test) . 

Figure IOC. The effects of different concentrations of CDDP on 
the viability of A.'^-p'>3- infected H358 cells. After 24-hour 
exposure to the Ad-Luc or Ad-p53 virus, cells were treated with 
0, 10, or 100 of CDDP for 24 hours and then assessed for 

viability. 

Figure llA. Nucleosomal DNA fragmentation in Ad-p53- infected 
H358 cells exposed to CDDP. Cells were infected and treated with 
CDDP for 24 hours as described in the legend to Fig. 10. 

Figure IIB, IIC, IID, HE and IIG. H358 cells that were grown on 
chamber slides, infected with Ad-p53 for 24 hours, treated with 
CDDP for an additional 24 hours, and fixed for. in situ labeling 
of DNA fragmentation. Pictured are parental H358 cells (B) 
without or (C) with CDDP; Ad-Luc -infected cells (D) without or 
(E) with CDDP; and Ad-p53- infected cells (F) without or (G) with 
CDDP. The arrowhead shows an example of darkly stained nuclear 
fragments. Bar = 100 ^im. 




Figure 12A. Effect of the combination of Ad-p53 infection with 
CDDP treatment on H358 tumor spheroids. Multicellular tumor 
spheroids of H358 cells were prepared as previously described 
(Takahashi, et al. (1989)) . On day 0, spheroids with a diameter 
5 of 150 to 200 /im were placed in a 24-well agar coated plate and 
exposed to Ad-p53 or Ad-Luc for 24 hours. On day 1, medium with 
10 iig/jal of CDDP was added following removal of virus -containing 
medium. On day 2, after a 24 -hour incubation, the overlay was 
replaced with 1 ml of fresh drug- free medium. The perpendicular 
10 diameters were measured using an inverted microscope. The 

relative volume change was calculated according to the formula 
X b / a^^ X bi, where a and b are the smallest and largest 
diameters of the spheroid, respectively, and a^ and b^ are the 
diameters on day 1. Only the relative volume of the Ad-p53/CDDP 
15 spheroids is significantly less (p<0.05 by Student's t-test) than 
the control group (Ctl) . 

Figures 12B, 12C, 12D, and 12E. In situ dUTP labeling with TdT 
for detection of apoptosis. H358 spheroids were fixed on day 3 
20 and stained as described in Materials and Methods of Example 7. 

(B) Control untreated spheroid, (C) spheroid treated with CDDP, 

(D) Ad-p53- infected spheroid, and (E) Ad-p53- infected spheroid 
treated with CDDP. Bar = 100 /xm. 

25 Figure 13 A. Induction of apoptosis by CDDP after in vivo 

infection with Ad-p53 as measured by tumor volume changes. H358 
cells (5 X 10®) in 0.1 ml Hank's balanced salt solution were 
injected subcutaneously into the right flank of BALB/c female 
nu/nu mice. Thirty days later, 200 /il of medium alone or medium 
30 containing Ad-Luc (10® PFU/ml) or Ad-p53 (10® PFU/ml) was 

injected into tumors with a diameter of 5 to 6 mm. Intratumoral 
injection (100 fil) and peritumoral injection in two opposite 
sites (50 /xl each) were performed. CDDP (3 mg/kg) or control 
physiological saline was given intraperitoneally. The tumors 
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were measured with calipers in two perpendicular diameters 
without the knowledge of the treatment groups, and a tumor volume 
was calculated by assuming a spherical shape with the average 
tumor diameter calculated as the square root of the product of 
5 cross-sectional diameters. Five mice were used for each 

treatment group and the mean +/- SE is shown. The data was 
analyzed using the Student's t-test. The arrow shows the day of 
treatment. Two independent determinations are shown, p < 0.05 
from day 5 in test 1; p < 0.05 from day 7 in test 2. (B-E) 

10 

Figure 13B, 13C, 13D, and 13E. Histologic study using the 
TdT-mediated biotin-dUTP labeling technique. Tumors were 
harvested 5 days after the beginning of treatment and immediately 
embedded into 0. C. T. compound. Frozen tissues were cut in a 
15 cryostat at 5-/xm thicknesses. The sections were treated with 1 

/xg/ml proteinase K and stained as described in the legend to Fig. 
12. Pictured are H358 tumors treated with (B) CDDP alone, (C) 
Ad-p53 alone, or (D, E) Ad-p53 in the combination with CDDP. 

Bars = 0.5 mm. All animal care was in accordance with the UT 
20 M. D. Anderson Institutional Animal Care and Use Committee. 



DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 
25 A. Molecular Events in Lung Cancer Development 

Studies carried out by the present inventors has identified 
critical molecular events leading to the development and 
progression of cancer. This enabled the inventors to develop new 
30 methods for restoring certain normal protein functions so that 
the malignant phenotype can be suppressed in vivo. 

The most common lung cancer histologies (80%) are grouped 
under the term non-small-cell lung cancer (NSCLC) and include 
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squamous, adenocarcinoma, and large-cell undifferentiated. Many 
. of the current data on the molecular biology of lung cancer come 
from the study of the more uncommon small -cell lung cancer 
(SCLC) . SCLC can be distinguished from NSCLC by the 
5 neuroendocrine features of the cells; SCLC is very responsive to 
chemotherapy but recurs rapidly after treatment. NSCLC also may 
serve as a model for other carcinogen- induced epithelial cancers. 
The approaches and observations developed in this study may be 
applicable to other types of epithelial cancers. 

10 . 

Abundant evidence has accumulated that the process of 
malignant transformation is mediated by a genetic paradigm. The 
major lesions detected in cancer cells occur in dominant 
oncogenes and tumor suppressor genes . Dominant oncogenes have 
15 alterations in a class of genes called proto-oncogenes, which 

participate in critical normal cell functions, including signal 
transduction and transcription. Primary modifications in the 
dominant oncogenes that confer the ability to transform include 
point mutations, translocations, rearrangements, and 
20 amplification. Tumor suppressor genes appear to require 
homozygous loss of function, by mutation, deletion, or a 
combination of these for transformation to occur; Some tumor 
suppressor genes appear to play a role in the governance of 
proliferation by regulation of transcription. Modification of 
25 the expression of dominant and tumor suppressor oncogenes is 
likely to influence certain characteristics of cells that 
contribute to the malignant phenotype. 

Despite increasing knowledge of the mechanisms involved in 
30 oncogene -mediated transformation, little progress has occurred in 

developing therapeutic strategies that specifically target 
oncogenes and their products. Initially, research in this area 
was focused on dominant oncogenes, as these were the first to be 
characterized. DNA-mediated gene transfer studies showed 
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acquisition of the malignant phenotype by normal cells following 
the transfer of DNA from malignant human tumors. 
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B. p53 emd p53 Mutations in Ccuicer 

P53 is currently recognized as a tumor suppressor gene 
(Montenarh, 1992) . High levels have been found in many cells 
transformed by chemical carcinogenesis, ultraviolet radiation, 
and several viruses, including SV40. The p53 gene is a frequent 
target of mutational inactivation in a wide variety of human 
tumors and is already documented to be the most frequently- 
mutated gene in common human cancers (Mercer, 1992) . It is 
mutated in over 50% of human NSCLC (Hollestein et al., 1991) and 
in a wide spectrum of other tumors . 

The p53 gene encodes a 375 -amino-acid phosphoprotein that 
can form comple'«’«s with host proteins such as large-T antigen and 
ElB, The protein is found in normal tissues and cells, but at 
concentrations which are minute by comparison with transformed 
cells or tumor tissue. Interestingly, wild- type p53 appears to 
be important in regulating cell growth and division. 
Overexpression of wild-type p53 has been shown in some cases to 
be anti -proliferative in human tumor cell lines. Thus p53 can 
act as a negative regulator of cell growth (Weinberg, 1991) and 
may directly suppress uncontrolled cell growth or indirectly 
activate genes that suppress this growth. Thus, absence or 
inactivation of wild type p53 may contribute to transformation. 
However, some studies indicate that the presence of mutant p53 
may be necessary for full expression of the transforming 
potential of the gene.. 



Although wild-type p53 is recognized as a centrally 
important growth regulator in many cell types, its genetic and 
biochemical traits appear to have a role as well. Mis- sense 
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mutations are common for the p53 gene and are essential for the 
transforming ability of the oncogene. A single genetic change 
prompted by point mutations can create carcinogenic p53 . Unlike 
other oncogenes, however, p53 point mutations are knovm to occur 
5 in at least 30 distinct codons, often creating dominant alleles 
that produce shifts in cell phenotype without a reduction to 
homozygosity. Additionally, many of these dominant negative 
alleles appear to be tolerated in the organism and passed on in 
the germ line. Various mutant alleles appear to range from 
10 minimally dysfunctional to strongly penetrant, dominant negative 
alleles (Weinberg, 1991) . 

Casey and colleagues have reported that transfection of DNA 
encoding wild-type p53 into two human breast cancer cell lines 
15 restores growth suppression control in such cells (Casey et al., 
1991) . A similar effect has also been demonstrated on 
transfection of wild- type, but not mutant, p53 into hxaman lung 
cancer cell lines (Takahasi et al., 1992). The p53 appears 
dominant over the mutant gene and will select against 
20 proliferation when transfected into cells with the mutant gene. 
Normal expression of the transfected p53 does not affect the 
growth of cells with endogenous p53 . Thus, such constructs might 
be taken up by normal cells without adverse effects. 

25 It is thus possible that the treatment of p53 -associated 

cancers with wild type p53 may reduce the number of malignant 
cells. However, studies such as those described above are far 
from achieving such a goal, not least because DNA transfection 
cannot be employed to introduce DNA into cancer cells within a 
30 patients' body. 
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C. Gene Therapy Techniques 

There have been several experimental approaches to gene 
therapy proposed to date, but each suffer from their particular 
drawbacks (Mulligan, 1993) . As mentioned above, basic 
transfection methods exist in which DNA containing the gene of 
interest is introduced into cells non-biologically, for example, 
by permeabilizing the cell membrane physically or chemically. 
Naturally, this approach is limited to cells that can be 
10 temporarily removed from the body and can tolerate the 

cytotoxicity of the treatment, i.e. lymphocytes. Liposomes or 
protein conjugates formed with certain lipids and amphophilic 
peptides can be used for transfection, but the efficiency of gene 
integration is still very low, on the order of one integration 
15 event per 1,000 to 100,000 cells, and expression of transfected 

genes is often limited to days in proliferating cells or weeks in 
non. proliferating cells. DNA transfection is clearly, therefore, 
not a suitable method for cancer treatment . 

20 A second approach capitalizes on the natural ability of 

viruses to enter cells, bringing their own genetic material with 
them. Retroviruses have promise as gene delivery vectors due to 
their ability to integrate their genes into the host genome, 
transferring a large amount of foreign genetic material, 

25 infecting a broad spectrum of species and cell types and of being 
packaged in special cell-lines. However, three major problems 
hamper the practical use of retrovirus vectors. First, 
retroviral infectivity depends on the availability of the viral 
receptors on the target surface. Second, retroviruses only 
30 integrate efficiently into replicating cells. And finally, 
retroviruses are difficult to concentrate and purify. 
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D. Adenovirus Constructs for use in Gene Therapy 

Human adenoviruses are double -stranded DNA tumor viruses 
with genome sizes of approximate 36 kb (Tooza, 1981) . As a model 
5 system for eukaryotic gene expression, adenoviruses have been 
widely studied and well characterized, which makes them an 
attractive system for development of adenovirus, as a gene 
transfer system. This group of viruses is easy to grow and 
manipulate, and they exhibit a broad host range in vitro and in 
10 vivo. In lytically infected cells, adenoviruses are capable of 
shutting off host protein synthesis, directing cellular 
machineries to synthesize large quantities of viral proteins, and 
producing copious amounts of virus. 

15 The El region of the genome includes ElA and ElB which 

encode proteins responsible for transcription regulation of the 
vir?1 genome, as well as a few cellular genes. E2 expression, 
including E2A and E2B, allows synthesis of viral replicative 
functions, e.g. DNA-binding protein, DNA polymerase, and a 
20 terminal protein that primes replication. E3 gene products 

prevent cytolysis by cytotoxic T cells and tumor necrosis factor 
and appear to be important for viral propagation. Functions 
associated with the E4 proteins include DNA replication, late 
gene expression, and host cell shutoff. The late gene products 
25 include most of the virion capsid proteins, and these are 

expressed only after most of the processing of a single primary 
transcript from the major late promoter has occurred. The major 
late promoter (MLP) exhibits high efficiency during the late 
phase of the infection (Stratford-Perricaudet and Perricaudet, 

30 1991a) . 

As only a small portion of the viral genome appears to be 
required in cis (Tooza, 1981), adenovirus -derived vectors offer 
excellent potential for the substitution of large DNA fragments 
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when used in connection with cell lines such as 293 cells. Ad5- 
transforme'd human embryonic kidney cell line (Graham, et al., 

1977) have been developed to provide the essential viral proteins 
in trans. The inventors thus reasoned that the characteristics 
5 of adenoviruses rendered them good candidates for use in 

targeting cancer cells in vivo (Grunhaus & Hon^itz, 1992) . 

Particular advantages of an adenovirus system for delivering 
foreign proteins to a cell include (i) the ability to substitute 
10 relatively large pieces of viral DNA by foreign DNA; (ii) the 
structural stability of recombinant adenoviruses; (iii) the 
safety of adenoviral administration to humans; and (iv) lack of 
any known association of adenoviral infection with cancer or 
malignancies; (v) the ability to obtain high titers of the 
15 recombinant virus; and (vi) the high infect ivity of Adenovirus. 

Further advantages of adenovirus vectors over retroviruses 
include the higher levels of gene expression. Additionally, 
adenovirus replication is independent of host gene replication, 

20 unlike retroviral sequences. Because adenovirus transforming 

genes in the El region can be readily deleted and still provide 
efficient expression vectors, oncogenic risk from adenovirus 
vectors is thought to be negligible (Grunhaus & Horwitz, 1992) . 

25 In general, adenovirus gene transfer systems are based upon 

recombinant, engineered adenovirus which is rendered replication- 
incompetent by deletion of a portion of its genome, such as El, 
and yet still retains its competency for infection. Relatively 
large foreign proteins can be expressed when additional deletions 
30 are made in the adenovirus genome. For example, adenoviruses 

deleted in both El and E3 regions are capable of carrying up to 
10 Kb of foreign DNA and can be grown to high titers in 293 cells 
(Stratford-Perricaudet and Perricaudet, 1991a) . Surprisingly 
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persistent expression of transgenes following adenoviral 
infection has also been reported. 

Adenovirus -mediated gene transfer has recently been 
5 investigated as a means of mediating gene transfer into 

eukaryotic cells and into whole animals. For example, in 
treating mice with the rare recessive genetic disorder ornithine 
transcarbamylase (OTC) deficiency, it was found that adenoviral 
constructs could be employed to supply the normal OTC enzyme. 

10 Unfortunately, the expression of normal levels of OTC was only 
achieved in 4 out of 17 instances (Stratford-Perricaudet et al . , 
199,1b) . Therefore, the defect was only partially corrected in 
most of the mice and led to no physiological or phenotypic 
change. These type of results therefore offer little 
15 encouragement for the use of adenoviral vectors in cancer 
therapy. 

Attempts to use adenovirus to transfer the gene for cystic 
fibrosis transmembrane conductance regulator (CFTR) into the 
20 pulmonary epithelium of cotton rats have also been partially 
successful, although it has not been possible to assess the 
biological activity of the transferred gene in the epithelium of 
the animals (Rosenfeld et al . , 1992). Again, these studies 
demonstrated gene transfer and expression of the CFTR protein in 
25 lung airway cells but showed no physiologic effect. In the 1991 
Science article, Rosenfeld et al . showed lung expression of 
al-antitrypsin protein but again showed no physiologic effect. 

In fact, they estimated that, the levels of expression that they 
observed were only about 2% of the level required for protection 
30 of the lung in humans, i.e., far below that necessary for a 
physiologic effect. 

The gene for human antitrypsin has been introduced into 
the liver of normal rats by intraportal injection, where it was 
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expressed and, resulted in the secretion of the introduced human 
protein into the plasma of these rats (Jaffe et al . , 1992) . 
However, and disappointingly, the levels that were obtained were 
not high enough to be of therapeutic value. 

These type of results do not demonstrate that adenovirus is 
able to direct the expression of sufficient protein in 
recombinant cells to achieve a physiologically relevant effect, 
and they do not, therefore, suggest a usefulness of the 
adenovirus system for use in connection with cancer therapy. 
Furthermore, prior to the present invention, it was thought that 
p53 could not be incorporated into a packaging cell, such as 
those used to prepare adenovirus, as it would be toxic. As ElB 
of adenovirus binds to p53, this was thought to be a further 
reason why adenovirus and p5 3 technology could not be combined. 



E. p5 3 -Adenovirus Constructs and Ttunor Suppression 



The present invention provides cancer gene therapy with a 
20 new and more effective tumor suppressor vector. This recombinant 
virus exploits the advantages of adenoviral vectors, such as high 
titer, broad target range, efficient transduction, and non- 
integration in, target cells. In one embodiment of the invention, 
a replication-defective, helper- independent adenovirus is created 
25 that expresses wild type p53 (Ad5CMV-p53) under the control of 
the human cytomegalovirus promoter. 



Control functions on expression vectors are often provided 
from viruses when expression is desired in mammalian cells. For 
30 example, commonly used promoters are derived from polyoma, 

adenovirus 2 and simian virus 40 (SV40) . The early and late 
promoters of SV40 virus are particularly useful because both are 
obtained easily from the virus as a fragment which also contains 
the SV40 viral origin of replication. Smaller or larger SV40 
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fragments may also be used provided there is included the 
approximately 250 bp sequence extending from the Hindi I I site 
toward the Bgll site located in the viral origin of replication. 
Further, it is also possible, and often desirable, to utilize 
5 promoter or control sequences normally associated with the 
included gene sequence, provided such control sequences are 
compatible with the host cell systems. 

An origin of replication may be provided by construction of 
10 the vector to include an exogenous origin, such as may be derived 
from SV40 or other viral (e.g. , polyoma, adeno, VSV, BPV) source, 
or may be provided by the host cell chromosomal replication 
mechanism. If the vector is integrated into. the host cell 
chromosome, the latter is often sufficient. 

15 

The design and propagation of the preferred p53 adenovirus 
is diagramed in Figure 1. In connection with this, an improved 
protocol has been developed for propagating and identifying 
recombinant adenovirus (discussed below) . After identification, 
20 the p53 recombinant adenovirus was structurally confirmed by the 
PCR analysis, as indicated in Figure 2. After isolation and 
confirmation of its structure, the p53 adenovirus was used to 
infect human lung cancer cell line H358, which has a homozygous 
p53 gene deletion. Western blots showed that the exogenous p53 
25 protein was expressed at a high level (Figure 4 and Figure 5) and 
peaked at day 3 after infection (Figure 6) . 

It was also shown in a p53 point mutation cell line H322 
that the mutant p53 was down regulated by the expression of the 
30 exogenous p53 . As an experimental control, a virion 

(Ad5/RSV/GL2) that had a structural similarity to that of Ad5CMV- 
p53 was used. This virion contained a luciferase CDNA driven by 
Rous sarcoma virus LTR promoter in the expression cassette of the 
virion. Neither p53 expression nor change in act in expression 
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was detected in cells infected by the virion Ad5/RSV/GL2. Growth 
of the H358 cells infected with Ad5CMV-p53 was greatly inhibited 
in contrast to that of noninfected cells or the cells infected 
with the control virion (Figure 7A) . Growth of H322 cells was 
5 also greatly inhibited by the p53 virion (Figure 7B) , while that 
of human lung cancer H460 cells containing wild-type p53 was less 
affected (Figure 7C) . 

Ad5CMV-p53 mediated a strong inhibitory effect on lung 
10 cancer cell growth in vitro. Growth inhibition was not as 

evident when the cells were infected with Ad5CMV-p53 at MOI 
lower than 1 PFU/cell, whereas, at MOI higher than 100 PFU/cell, 
cytotoxicity could be observed even with control virus 
Ad5/RSV/GL2. In our studies, the optimal dose for growth rate 
15 studies was 10-50 PFU/cell. Within this dose range, cell growth 
inhibition was attributable to the expressed p53 protein. 

Tests in nude mice demonstrated that tumorigenicity of the 
Ad5CMV-p53 -treated H358 cells was greatly inhibited. In a mouse 
20 model of orthotopic human lung cancer, the tumorigenic H226Br 
cells, with a point mutation in p53, were inoculated 
intratracheally 3 days prior to the virus treatment . 

Intratracheal instillation of Ad5CMV-p53 prevented tumor 
formation in this model system suggesting that the modified 
25 adenovirus is an efficient vector for mediating transfer and 

expression of tumor suppressor genes in human cancer cells and 
that the Ad5CMV-p53 virus may be further developed into a 
therapeutic agent for use in cancer gene therapy. 

30 Ad5CMV-p53 mediated a high level of expression of the p53 

gene in human lung cancer cells as demonstrated by Western blot 
analysis. Exogenous p53 protein was approximately 14 times more 
abundant than the endogenous wild-type p53 in H460 cells and 
about two to four times more abundant than the /3-actin internal 
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control in H358 cells. The high level of expression may be 
attributed' to (1) highly efficient gene transfer, (2) strong CMV 
promoter driving the p53 CDNA, and (3) adenoviral El enhancer 
enhancing the p53 CDNA transcription. The duration of p53 
5 expression after infection was more than 15 days in H358 cells. 
However, there was a rapid decrease in expression after 
postinfection day 5. PCR analysis of the DNA samples from the 
infected H358 cells showed a decrease of the viral DNA level with 
the decreased protein level, indicating the loss of viral DNA 
10 during the continuous growth of cancer cells in vitro. 

The decrease in p53 expression may also have resulted from 
cellular attenuation of the CMV promoter that controls p53 
expression, since the phenomenon of host cell-mediated CMV 
15 promoter shut off has been reported previously (Dai, et al 
1992) . Adenoviral vectors are nonintegrative gene transfer 
vectors and therefore the duration of gene expression depends 
upon a number of factors, including the host cells, the genes 
transferred, and the relevant promoter. Crystal and co-workers 
20 showed low level expression of the cystic fibrosis transmembrane 
conductance regulator gene in cotton rat epithelial cells was 
detectable 6 weeks after infection (Rosenfeld, et al., 1992). 
Perricaudet ' s laboratory demonstrated minimal expression of 
minidystrophin gene in mdx mouse muscle lasted for more than 3 
25 months after infection. The short-term high level expression of 
the wild- type p53 protein observed in the present study may have 
the beneficial effect of reducing possible side effects on normal 
cells following in vivo treatment with Ad5CMV-p53 . 

30 The studies disclosed herein indicate that the p53 

recombinant adenovirus possesses properties of tumor suppression, 
which appear to operate by restoring p53 protein function in 
tumor cells. These results provide support for the use of the 
Ad5CMV-p53 virion as a therapeutic agent for cancer treatment. 
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F. DNA Damaging Agents 

A wide variety of DNA damaging agents may be used with the 
present invention, such as, agents that directly crosslink DNA, 

5 agents that intercalate into DNA, and agents that lead to 

chromosomal and mitotic aberrations by affecting nucleic acid 
synthesis. 

Agents that directly cross-link nucleic acids, specifically 
10 DNA, are envisaged and are shown herein, to eventuate DNA damage 
leading to a synergistic antineoplastic combination. Agents such 
as cisplatin, and other DNA alkylating may be used. Cisplatin' 
has been widely used to treat cancer, with efficacious doses used 
in clinical applications of 20 mg/m^ for 5 days every three weeks 
15 for a total of three courses. Cisplatin is not absorbed orally 
and must therefore be delivered via injection intravenously, 
subcutaneously, intr a tumor ally or intraperitoneally. 

Agents that damage DNA also include compounds that interfere 
20 with DNA replication, mitosis, and chromosomal segregation. 

Examples of these compounds include adriamycin, also known as 
doxorubicin, etoposide, verapamil, podophyllotoxin, and the like. 
Widely used in clinical setting for the treatment of neoplasms 
these compounds are administered through bolus injections 
25 intravenously at doses ranging from 25-75 mg/m2 at 21 day 
intervals for adriamycin, to 35-50 mg/m2 for etoposide 
intravenously or double the intravenous dose orally. 

Agents that disrupt the synthesis and fidelity of nucleic 
30 acid precursors, and subunits also lead to DNA damage. As such a 
number of nucleic acid precursors have been developed. 
Particularly useful are agents that have undergone extensive 
testing and are readily available. As such, agents such as 
5-fiuorouracil (5-FU) , are preferentially used by neoplastic 
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tissue, making this agent particularly useful for targeting to 
neoplastic' cells . Although quite toxic, 5-FU, is applicable in a 
wide range of carriers, including topical, however intravenous 
administration with doses ranging from 3 to 15 mg/kg/day being 
5 commonly used . 

Other factors that cause DNA damage and have been used 
extensively include what are commonly known as “y-rays,- X-rays, 
and/or the directed delivery of radioisotopes to tumor cells. 

10 Other forms of DNA damaging factors are also contemplated such as 
microwaves and UV- irradiation. It is most likely that these all 
of these factors effect a broad range of damage on the precursors 
of DNA, the replication and repair of DNA, and the assembly and 
maintenance of chromosomes. Dosage ranges for X-rays range from 
15 daily doses of 50 to 200 roentgens for prolonged periods of time 
(3 to 4 weeks), to single doses of 2000 to 6000 roentgens. 

Dosage ranges for radioisotopes vary widely, and depend on the 
half-life of the isotope, the strength and type of radiation 
emitted, and the uptake by the neoplastic cells. 

20 

The skilled artisan in directed to "Remington's 
Pharmaceutical Sciences" 15th Edition, chapter 33, in particular 
pages 624-652. Some variation in dosage will necessarily occur 
depending on the condition of the subject being treated. The 
25 person responsible for administration will, in any event, 
determine the appropriate dose for the individual subject. 
Moreover, for human administration, preparations should meet 
sterility, pyrogenicity, general safety and purity standards as 
required by FDA Office of Biologies standards. 

30 
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In an effort to determine the efficacy of a combination of 
gene replacement therapy and chemotherapy in human cancer, the 
inventors examined whether sequential administration of Ad-p53 
and CDDP could induce apoptosis in vivo. Following 3 days of 
direct intratumoral injection of Ad-p53 or intraperitoneal 
administration of CDDP, H358 tumors implanted subcutaneously in 
nu/nu mice showed a modest slowing of growth. However, if Ad-p53 
and CDDP were simultaneously administered, tumors partially 
regressed and the tumor size remained statistically significantly 
smaller than those in any of the other treatment groups. The 
growth inhibitory effect was even more pronounced after two 
treatment cycles (Fig. 13A) . Histologic examination revealed a 
massive destruction of tumor cells in the area where Ad-p53 was 
injected in mice treated with CDDP. In situ staining 
demonstrated many apoptotic cells around acellular spaces (Fig. 
13B-E) . In contrast, tumors treated with CDDP alone or Ad-p53 
alone showed neither acellularity nor apoptotic areas. 

The present invention describes a novel strategy for human 
gene therapy combined with conventional ' chemotherapy using a DNA 
crosslinking agent . Tumor cell resistance to chemotherapeutic 
drugs represents a major problem in clinical oncology. NSCLC 
accounts for at least 80% of the cases of lung cancer; patients 
with NSCLC are, however, generally unresponsive to chemotherapy 
(Doyle, 1993) . One goal of current cancer research is to find 
ways to improve the efficacy of gene replacement therapy for 
cancer by investigating interaction between the gene product and 
chemotherapeutic drugs. The herpes simplex-thymidine kinase 
(HS-tK) gene, when delivered to brain tumors by a retroviral 
vector system, successfully induced susceptibility to the 
antiviral agent ganciclovir (Culver, . et al., 1992). The HS-tK 
gene product is an exogenous viral enzyme, whereas the wt-p53 
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protein is expressed in normal tissues, suggesting that the 
modulation' of chemoresistance by alterations in wt-p53 expression 
might be an alternative approach using a pathway mediated by an 
endogenous genetic program. 

An adenovirus system has potential advantages for gene 
delivery in vivo, such as ease of producing high titer virus, 
high infection efficiency, and infectivity for many types of 
cells. The stability and duration of expression of the 
introduced gene are still controversial, however. For chemo-gene 
therapy, the levels of expression and the high infectivity may be 
are more significant than the duration of expression, because 
drugs can kill infected cells within several days. The increase 
in p53 levels in cells that are sensitive to chemotherapeutic 
drugs can occur within 6 hours after DNA-damaging stimuli 
(Fritsche, et al . , 1993, Zhan, et al., 1993), although increased 
p53 DNA binding activity can be reversed over the course of 4 
hours if the stimulus is removed (Tishler, et al . , 1993) . in the 
present model, the expression of the wt-p53 gene is driven 
independently by the cytomegalovirus promoter contained in an 
Ad-p53 vector. Therefore, a high level of p53 expression can be 
maintained even after cessation of drug exposure. The expression 
of wt-p53 protein by Ad-p53 peaks at postinfection day 3 (14 -fold 

greater than endogenous wild type) and decreases to a low level 
by day 9 (Zhang, et al . , 1993). This suggests that a transiently 
high level of wt-p53 expression is sufficient to initiate the 
cytotoxic program in the cancer cell . 



30 H. Patients and Treatment Protocols 

The inventors propose that the regional delivery of 
adenoviral -p53 gene constructs to lung cancer cells in patients 
with p53 -linked cancers, such as unresectable obstructing 
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endobronchial cancers, will be a very efficient method for 
delivering a therapeutically effective gene to counteract the 
clinical disease. The deliver of the p53 gene is to occur in 
combination with agents or factors that lead to DNA damage. This 
5 combined approach is a significant improvement on current cancer 
therapies, for example the loss of sensitivity to cisplatin 
alone, which rely on attempts to kill or remove the last cancer 
cell by effecting DNA damage. As tumor cell dormancy is an 
established phenomenon, this makes effective killing highly 
10 unlikely. 

It is anticipated that the uptake of the adenovirus 
constructs by NSCLC cells will decrease the rate of proliferation 
of these cells, however, the present examples demonstrate that 
15 the combined use of a DNA damaging agent or factor with the p53 
adenovirus leads to a profound diminution of cell growth and 
tumor size, not shown with either factor alone. The compositions 
and methods disclosed herein, strongly portend an increase in the 
length of time the affected lung would remain expanded, prevent 
20 regrowth of the tumor and division of tumor cells, and prolong 
the patient's survival. 

Patients with unresectable endobronchial tumor recurrence 
that is partially or completely obstructing the airway and that 
25 have failed or are unable to receive external beam radiotherapy 
will be considered for this combined protocol. Existing 
therapies for this condition offer only short-term palliation. 
Most patients have recurred despite external beam radiotherapy. 

It may be possible to insert a brachytherapy catheter and 
30 administer additional radiotherapy, intravenous administration of 
DNA damaging agents. Patients receiving current treatments have 
a median survival of 6 months. Patients failing brachytherapy 
would also be eligible to receive gene therapy. Tumor can be 
removed from the airway with the laser or biopsy forceps . This 
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can be done in conjunction with injection of the adenoviral 
constructs thus decreasing the volume that must be injected. The 
administration of the viral constructs would not preclude the 
patient from receiving other palliative therapy if the tumor 
progresses. 

I. Other Gene Treuasfer Techniques 

Successful gene therapy generally requires the integration 
of a gene able to correct the genetic disorder into the host 
genome, where it would co-exist and replicate with the host DNA 
and be expressed at a level to compensate for the defective gene. 
Ideally, the disease would be cured by one or a few treatments, 
with no serious side effects. There have been several approaches 
to gene therapy proposed to date, which may be used with the 
present invention. 

A first approach is to transfect DNA containing the gene of 
interest into cells, e.g., by permeabilizing the cell membrane 
either chemically or physically. This approach is generally 
limited to cells that can be temporarily removed from the body 
and can tolerate the cytotoxicity of the treatment (i.e. 
lymphocytes) . Liposomes or protein conjugates formed with 
certain lipids and amphophilic peptides can be used for in vivo 
transfection (Stewart et al., 1992; Torchilin et al., 1992; Zhu 
et al., 1993), however present efficiency of gene integration is 
very low. It is estimated that the gene of interest integrates 
into the genome of only one cell in 1,000 to 100,000. In the 
absence of integration, expression of the transfected gene is 
limited to several days in proliferating cells or several weelcs 
in non proliferating cells due to the degradation of the un- 
integrated DNAs. 




A second approach capitalizes on the natural ability of 
viruses to' enter cells, bringing their own genetic material with 
them. Retroviruses have promise as gene delivery vectors due to 
their ability to integrate their genes into the host genome, 

5 transferring a large amount of foreign genetic material, 

infecting a broad spectrum of species and cell types and of being 
packaged in special cell-lines (Miller, 1992) . 

A third method uses other viruses, such as adenovirus, 

10 herpes simplex virues (HSV) , cytomegalovirus (CMV) , and adeno- 

associated virus (AAV) , which are engineered to serve as vectors 
for gene . transfer . . Although some viruses that can accept foreign 
genetic material are limited in the number of nucleotides they 
can accommodate and in the range of cells they infect, these 
15 viruses have been demonstrated to successfully effect gene 

expression. However, adenoviruses do not integrate their genetic 
material into the host genome and therefore do not require host 
replication for gene expression, making them iOealiy suited for 
rapid, efficient, heterologous gene expression. 

20 . ■ 

Even though the invention has been described with a certain 
degree of particularity, it is evident that many alternatives, 
modifications, and variations will be apparent to those skilled 
in the art in light of the foregoing disclosure. Accordingly, it 
25 is intended that all such alternatives, modifications, and 

variations which fall within the spirit and the scope of the 
invention be embraced by the defined claims. 

The following examples are included to demonstrate preferred 
30 embodiments of the invention. It should be appreciated by those 
of skill in the art that the techniques disclosed in the examples 
which follow represent techniques discovered by the inventor to 
function well in the practice of the invention, and thus can be 
considered to constitute preferred modes for its practice. 
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However, those of skill in the art should, in light of the 
present disclosure, appreciate that many changes can be made in 
the specific embodiments which are disclosed and still obtain a 
like or similar result without departing from the spirit and 
5 scope of the invention. 

EXAMPLE 1 

Construction of p53 Expression Vector 

10 

This example describes the construction of a p53 expression 
vector. This vector is constructed as indicated and is used to 
replace the El region (1.3-9.2m.u.) of the Adenovirus strain Ad5 
genome and employed to construct the Adenovirus virion described 
15 in Example 2 . 

The p53 expression cassette shown in Figure 1, which 
contains human cytomegalovirus (CMV) promoter (Boshart, et al . , 
1985), p53 cDNA, and SV40 early polyadenylation signal, was 
20 inserted between the Xba I and Cla I sites of pXCJLl (provided by 
Dr. Frank L. Graham, McMaster University, Canada) . 

The genome size is about 35.4 kb, divided into 100 map units 
(1 m.u. = 0.35 kb) . The p53 expression cassette replaced the El 
25 region (1.3 -9. 2 m.u.) of the Ad5 genome. 

Primer 1 has the sequence 5 ' -GGCCCACCCCCTTGGCTTC-3 ' (SEQ ID 
NO:l) and is located in the first intron downstream of the human 
CMV major IE gene promoter (Boshart, et al . , 1985). Primer 2 has 
30 the sequence 5 ' -TTGTAACCATTATAAGCTGC-3 ' (SEQ ID NO: 2) and is 
located in SV40 early polyadenylation signal. Both of the 
■primers, 15-20 bp away from the p53 cDNA insert at both ends, 
define a 1.40 kb PCR product. Primer 3 has the sequence 
5 ' -TCGTTTCTCAGCAGCTGTTG-3' (SEQ ID NO: 3) and primer 4 has the 
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sequence 5 ' -CATCTGAACTCAAAGCGTGG-3 ' (SEQ ID NO: 4) and are located 
at 11 m.u. and 13.4 ra.u. of the Ad5 genome, respectively, which 
define a 0.86 kb viral-genome specific PCR product. 



5 



EXAMPLE 2 

Generation and Propagation o f P«>ffftinV»inanfc p53 Adenovirus 



This example describes one method suitable for generating 
10 helper- independent recombinant adenoviruses expressing p53. The 
molecular strategy employed to produce recombinant adenovirus is 
based upon the fact that, due to the, packaging limit of 
adenovirus, pJM17 cannot form virus on its own. Therefore, 
homologous recombination between the p53 expression vector 
15 plasmid and pJM17 within a transfected cell results in a viable 
virus that can be packaged only in cells which express the 
necessary adenoviral proteins. 

The method of this example utilizes 293 cells as host cells 
20 to propagate viruses that contain substitutions of heterologous 
DNA expression cassettes at the El or E3 regions. This process 
requires cotransfection of DNA into 293 cells. The transfection 
largely determines efficiency of viral propagation. The method 
used for transfection of DNA into 293 cells prior to the present 
25 invention was usually calcium-phosphate/DNA coprecipitation 

(Graham and van der Eb, 1973) . However, this method together 
with the plaque assay is relatively difficult and typically 
results in low efficiency of viral propagation. As illustrated 
in this example, transfection and subsequent identification of 
30 infected cells were significantly improved by using liposome- 

mediated transfection, when identifying the transfected cells by 
cytopathic effect (CPE) . 
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The 293 cell line was maintained in Dulbecco's modified 
minimal essential medium supplemented with 10% heat -inactivated 
horse serum. The p53 expression vector and the plasmid pJM17 
(McGrory, et al., 1988) for homologous recombination were 
5 cotransfected into 293 cells by DOTAP -mediated transfection 
according to the manufacture's protocol (Boehringer Mannheim 
Biochemicals, 1992) . This is schematically shown in Figure 1. 

The 293 cells (passage 35, 60% confluency) were inoculated 
10 24 hours prior to the transfection in either 60 mm dishes or 24- 

well plates. The cells in each well were transfected with: 

30 111 DOTAP, 2 iig of p53 expression vector, and 3 /xg of plasmid 
pJM17. After transfection cells were fed with the MEM medium 
every 2-3 days until the onset of CPE. 

15 

EXAMPLE 3 

Confinnlna the Identity of Recombinant Adenovirus 

20 This example illustrates a new polymerase chain reaction 

(PCR) assay for confirming the identity of recombinant virions, 
following cotransfection of the appropriate cell line. 

Aliquots of cell culture supernatants (50 to 370 iil) were 
25 collected from the test plates, treated with proteinase K 

(50 iig/ml with 0.5% SDS and 20 mM EDTA) at 56‘»C for 1 hour, 
extracted with phenol -chloroform, and the nucleic acids were 
ethanol precipitated. The DNA pellets were resuspended in 20 /xl 
dHjO and used as template for PCR amplification. The relative 
30 locations of the PCR primers and their sequences are depicted in 
Figure 1 and are SEQ ID N0S:1, 2,3 and 4, respectively. The 
cDNA insert-specific primers define a 1.4 kb PCR product and the 
viral genome -specific primers define a 0.86 kb PCR product. The 
PCR reactions were carried out in a 50 iil volume containing 4 mM 
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MgClj, 50 mM KCl, 0.1% triton X-100, 200 each of dNTPs, 10 mM 
Tris-Cl (pH 9.0), 2 of each primer, and 1.0 unit of Tag 
polymerase (Promega) . The reactions were carried out at 94°C, 

0.5 min, 56®C, 0.5 min, and 72®C, 1 min for 30 cycles. 

In order to simplify the procedure of identification of 
newly propagated recombinant virus, a direct PCR assay on DNA 
samples from cell culture supernatant was developed. Aliquots 
(50 or 370 /il) of the cell medium supernatant with CPE were 
treated with proteinase K and phenol/chldroform extraction. 

After ethanol precipitation, the DNA samples were analyzed using 
PCR employing two pairs of primers to amplify insert-specific and 
viral -genome-specific sequences. The PCR primer targets and 
their sequences are depicted in Figure 1. Primers 1, 2, 3 and 4 
are represented by SEQ ID N0S:1, 2, 3 and 4, respectively. 



As a result, a 1.4 kb cDNA insert and a 0.86 kb viral genome 
fragment were amplified from the expression vector (positive 
control) and the DNA samples of the positive cell culture 
20 (Figure 2B, lane 1 and 4, respectively). Only the 0.86 kb 

fragment was amplified from the DNA sample of Ad5/RSV/GL2 virus 
(negative control, lane 2). No amplified bands appeared from PCR 
reactions that used either untreated positive cell culture medium 
supernatant (lane 3) . 

25 . 

These results indicated that adenoviruses released into cell 
culture medium are detectable by PCR, using as little as 50 /xL of 
the cell culture medium supernatant for preparing DNA templates. 
These results will allow development of a quantitative method for 
30 using this technique to determine adenovirus titers, 
traditionally done by plaque assays. 

The wild-type sequence of the p53 cDNA in the Ad5CMV-p53 
virus was confirmed by dideoxy DNA sequencing on the CsCl- 
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gradient-purified viral DNA. The control virus Ad5/RSV/GL2, 
generated in a similar manner, has a structure similar to that of 
Ad5CMV-p53 except a Rous sarcoma viral promoter and luciferase 
cDNA were used in its expression cassette. The recombinant 
5 adenovirus that carries a E, coli /3-galactosidase gene (LacZ) , 

AdSOW-LacZ, also has a structure similar to that of Ad5CMV-p53, 
and is obtainable as disclosed in Zhang et al. and from Dr. Frank 
L. Graham (please see Graham, et al., 1991). 

10 Viral stock, titer, and infection. Individual clones of the 

Ad5CMV-p53, Ad5/RSV/GL2, and Ad5CMV-LacZ viruses were obtained by 
plaque-purification according to the method of Graham and Prevec 
(1991) . Single viral clones were propagated in 293 cells. The 
culture medium of the 293 cells showing the completed cytopathic 

15 effect was collected and centrifuged at 1000 x g for 10 min. The 
pooled supernatants were aliquoted and stored at -20“C as viral 
stocks. The viral titers were determined by plaque assays (Graham 
and Prevec, 1991) . Infections of the cell lines were carried out 
by addition of the viral solutions (0.5 ml per 60-mm dish) to 

20 cell monolayers and incubation at room temperature for 30 min 
with brief agitation every 5 min. This was followed by the 
addition of culture medium and the return of the infected cells 
to the 37°C incubator. 

25 The gene transfer efficiency of the recombinant adenoviruses 

was also evaluated using Ad5CMV-LacZ in a variety of cell lines 
such as H226Br, H322, H460, HeLa, Hep G2, LM2, and Vero. By X-gal 
staining, all of the cell lines were stained 97-100% blue after 
infection with Ad5CMV-LacZ at an MOI of 30 PFU/cell. 

30 
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EXAMPLE 4 



Ad5CMV-p53 -Directed p53 Gene expression in 
Hiiman Luna Cancer Celle 

5 This example describes the use of recombinant p53 adenovirus 

to infect human lung cancer cells with a homozygous p53 gene 
deletion. The results show that growth of these cells and 
expression of mutant p53 was suppressed, indicating the potential 
of the Ad5pW-p53 virion as a useful agent for control of 
10 metastatic cells. 

Immunohistochemistry was performed on infected cell 
monolayers that were fixed with 3.8% formalin and treated with 3% 
H 2 O 2 in methanol for 5 min. Immunohistochemical analysis was 
15 performed using Vectastain Elite kit (Vector, Burlingame, CA) . 

The primary antibody used was anti-p53 antibody PAb 1801 
(Oncogene Science, Manhasset, NY) ; MOPC-21 (Organon Teknika 
Corp., West Chester, PA) was used as a negative control. The 
second antibody was an avidin-labeled anti-mouse IgG (Vector) . 

20 The biotinylated horseradish peroxidase ABC complex reagent was 
used to detect the antigen -antibody complex. Finally the cells 
were counterstained with Harris hematoxylin (Sigma) and mounted 
with Cytoseal 60 (Stephens Scientific, Riverdale, NJ) . 

25 Immunohistochemical analysis of the infected cell lines was 

performed to examine the in situ expression of p53 expression 
driven by the CMV promoter of the Ad5CMV-53 virus. In the H358 
cell line, which has a homozygous deletion of p53, the p53 gene 
was transferred with 97-100% efficiency, as detected by 
30 immunohistochemical analysis, when the cells were infected with 

Ad5CMV-p53 at a multiplicity of infection of 30-50 plaque -forming 
units (PFU)/cell (Figure 4). 
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The high transfer efficiency of recombinant adenovirus was 
confirmed by Ad5CMV-LacZ, a virus which carries the LacZ gene 
transcribed by the human CMV IE promoter. At an MOI of 30-50 
PFU/cell, all of the cells examined, including HeLa, Hep G2, LM2, 
5 and the human NSCLC cancer cell lines were 97-100% positive for 
b-galactosidase activity by X-gal staining. These results 
indicate that adenoviral vectors are an efficient vehicle for 
gene transfer into human cancer cells. 

10 Western blotting analysis was performed on total cell 

lysates prepared by lysing monolayer cells in dishes with SDS- 
PAGE sample buffer (0.5 ml per 60-mm dish) after rinsing the 
cells with phosphate -buffered saline (PBS) . For SDS-PAGE 
analysis lanes were loaded with cell lysates equivalent to 5x10^ 
15 cells (10-15 ml) . The proteins in the gel were transferred to 
Hybond™-ECL membrane (Amersham, Arlington Heights, ID . The 
membranes were blocked with 0.5% dry milk in PBS and probed with 
the primary antibodies: mouse anti-human p53 monoclonal antibody 
PAb 1801 and mouse anti-human /3-actin monoclonal antibody 
20 (Amersham) , washed and probed with the secondary antibody: 

horseradish peroxidase-conjugated rabbit anti-mouse IgG (Pierce 
Chemical Co., Rockford, IL) . The membranes were developed 
according to the Amersham' s enhanced chemiluminescence protocol . 
Relative quantities of the exogenous p53 expressed were 
25 determined by densitometer (Molecular Dynamics Inc., 

Sunnyvale, CA) . 

Western blots showed the exogenous p53 protein was expressed 
at a high level (Figure 5A lanes 2,3 and 5,6) . The protein 
30 peaked at day 3 after infection (Figure 6, insert, 0.5 days to 3 
days) . As a control, a virion with a structure similar to the 
recombinant Ad5CMV-p53 of Example 1 was constructed. This virion 
contains a lucif erase cDNA driven by Rous Sarcoma Virus LTR 
promoter in the expression cassette of the virion. Neither p53 
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expression nor change in actin expression was detected in the 
cells infected by the virion Ad5/RSV/GL2 . 

The recombinant p53 adenovirus was used to infect three 
5 human lungs NSCLC cell lines: cell line H358, which has a 

homozygous deletion of the p53 gene, cell line H322, which has a 
point mutation of the. p53 gene at codon 248 (G to T) , and cell 
line H460, which has a wild-type p53 gene. The growth rate of 
human NSCLC cells was determined following the inoculation of 
10 H322 and H460 (1x10^) or H358 (2x10®) in 60-mm culture dishes 24 

h before viral infection. The cells were infected with the 
viruses at a multiplicity of infection (MOD of 10 PFU/cell. 
Culture medium was used for the mock infection control . Triplet 
cultures of each cell line with different treatments were counted 
15 daily for days 1-6 after infection. 

Growth of the H358 cells infected with Ad5CMV-p53 was 
greatly inhibited in contrast to that of noninfected cells or the 
cells infected with the control virion (Figure 7A) . Growth of 
20 H322 cells was also greatly inhibited by the p53 virion (Figure 

7B) , while that of human lung cancer H460 cells containing wild 
.type p53 was affected to a lesser degree (Figure 7C) . Growth of 
the Ad5CMV-p53 virus-infected H358 cells was inhibited 79%, 
whereas that of noninfected cells or the cells infected with the 
25 control virus were not inhibited. Growth of cell line H322, 

which has a point mutation in p53, was inhibited 72% by AdBCMV- 
p53, while that of cell line H460 containing wild-type p53 was 
. less affected (28% inhibition) . 

30 The results indicate that the p53 recombinant adenovirus 

possesses properties of tumor suppression, working through 
restoration of the p53 protein function in tumor cells. 
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EXAMPLE 5 



Ad5CMV-p53 in the Treatment of t>53 Deficient Cells 

The present example concerns the use of recombinant p53 
5 adenovirus to restore growth suppression of tumor cells in vitro 
and thus to treat the malignant or metastatic growth of cells. 

It describes some of the ways in which the present invention is 
envisioned to be of use in the treatment of cancer via 
adenovirus -mediated gene therapy. 

10 

H358 cells were infected with Ad5CMV-p53 and Ad5/RSV/GL2 at 
a MCI of 10 PFU/cell. An equal amount of cells were treated with 
medium as a mock infection. Twenty-four hours after infection, 
the treated cells were harvested and rinsed twice with PBS. For 
15 each treatment, three million (3x10®) cells in a volume of. 0.1 ml 
were injected s.c. to each nude mouse (Harlan Co., Houston, TX) . 
Five mice were used for each treatment. Mice were irradiated 
(300 cGy, ®°Co) before injection and examined weekly after 
injection. Tumor formation was evaluated at the end of a 6 -week 
20 period and tumor volume was calculated by assuming a spherical 
shape with the average tumor diameter calculated as the square 
root of the product of cross-sectional diameters. 

To determine the inhibitory effect on tumorigenicity 
25 mediated by Ad5CMV-p53 nude mice were injected s.c. with H358 
cells (a human NSCLC-type cell) to induce neoplastic growth. 

Each mouse received one injection of cells that had been infected 
with Ad5CMV-p53 or Ad5/RSV/GL2 at 10 PFU/cell for 24 h. H358 
cells treated with medium alone were used as mock- infected 
30 controls. Tumors, first palpable at postinjection day 14, were 
induced only by the mock- or control virus-infected cells as 
demonstrated in Table I : 

Table I. Effect of Ad5CMV-p53 on tumorigenicity 
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of H358 in nude mice® 



Treatment 


No. of Tumors/ 
No. of Mice (%) 


Mean Volume 
(mm^ ± SD) 


Medium 


4/5 (80) 


37 ± 12 


Ad5/RSV/GL2 


3/4 (75) 


30 ± 14 


Ad5CMV-p53 


0/4 (0) 


- 



The treated H358 cells were injected s.c. at 2 x 10® 
cells/mouse. Tumor sizes were determined at the end of a 6- 



10 week period. 

As shown in Table 1 mice that received Ad5CMV-p53- treated 
cells did not develop tumors. The tumors at the end of a 6-week 
period were 4-10 mm in diameter. This study was initiated with 
15 five mice per group; one mouse each in the Ad5CMV-p53 or 

Ad5/RSV/GL2 group failed to complete the study. The early deaths 
were presumably due to nosocomial infection. 

20 EXAMPLE 6 

Ad5CMV-p53 in the Treatment of Lvma Cancer 

The present example concerns the use of recombinant p53 
adenovirus to restore growth suppression of tumor cells in vivo 
25 and thus to treat cancers in animals. It describes some of the 

ways in which the present invention is envisioned to be of use in 
the treatment of cancer via adenovirus -mediated gene therapy. 

The efficacy of Ad5CMV-p53 in inhibiting tumorigenicity was 
30 further evaluated in the mouse model of orthotopic human lung 

cancer. Since H358 and H322 cells did not produce tumors in this 
model, cell line H226Br was used. This cell line has a squamous 
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lung cancer origin and metastasized from lung to brain. H226br 
has a point mutation (ATC to GTC) at exon 1 , codon 254, of the 
p53 gene and is tumorigenic in mice. 

5 The procedure for tests in the mouse model of orthotopic 

human lung cancer has been previously described (Georges, et al., 
1993) . Briefly, nude mice treated with radiation (300 cGy, ®°Co) 
were inoculated with H226Br cells by intratracheal instillation. 
Each mouse received 2 x 10® cells in a volume of 0.1 ml PBS. 

10 Three days after inoculation, 10 mice per group were treated with 
0.1 ml of viruses or vehicle (PBS) by intratracheal instillation 
once a day for two days. The virus dosage used was 5 x 10'’ 
Ad5CMV-p53 or Ad5/RSV/GL2 per mouse. The mice were euthanized at 
the end of a 6 -week period. Tumor formation was evaluated by 
15 dissecting the lung and mediastinum tissues and measuring the 

tumor size. The tumors were confirmed by histologic analysis of 
the sections of the tumor mass. 

The irradiated nude mice were inoculated with 2 x 10® 

20 H226Br cells/mouse by intratracheal instillation. Three days 
after inoculation, each of the mice (8-10 mice per group) were 
treated with 0.1 ml of either Ad5CMV-p53 or Ad5/RSV/GL2 or 
vehicle (PBS) by intratracheal instillation once a day for two 
days. The virus dosage used was 5 x 10'' PFU/mouse. Tumor 
25 formation was evaluated at the end of a 6 -week period by 

dissecting the liing and mediastinum tissues and measuring the 
tumor size. A flow chart of the procedure is depicted in Figure 
7, with representative samples of dissection demonstrated in 
Figure 8 . The detected tumors were confirmed by histologic 
30 analysis. The data of tumor measurements are summarized in Table 
II : 
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Table II. Effect of Ad5CMV-p53 on tumorigenicity of 
H226Br in mouse model of orthotopic human lung cancer® 



Treatment 


No. mice with 
Tumors/ 
Total Mice {%) 


Mean Volume 
(mm^ ± SD) 


Vehicle 


7/10 (70) 


30 ± 8.4 


Ad5/RSV/GL2 


8/10 (80) 


25 ± 6.9 


Ad5CMV-p53 


2/8 (25) 


8 ± 3.3*’ 



® Mice were inoculated with 2 x 1,0® H226Br cells/mouse 

intratracheally . On the 3rd day post inoculation, the mice 
were given either vehicle or viruses (5 x 10’ each in 0.1 
ml) intratracheally once a day for 2 days. Tumor formation 
was evaluated at the end of a 6-week period. 

^ p<0.05 by two-way analysis of variance when compared to the 

groups receiving vehicle (PBS) or virus control. 

Only 25% of the Ad5CMV-p53 -treated mice formed tumors, 
whereas in the vehicle or Ad5/RSV/GL2 control group, 70-80% of 
the treated mice formed tumors. The average tumor size of the 
Ad5CMV-p53 group was significantly smaller than those of the 
control groups. These results indicate that Ad5CMV-p53 can 
prevent H226Br from forming tumors in the mouse model of 
orthotopic human lung cancer. 





EXAMPLE 7 



Synergism between p53 and DNA Deunaqe 

The biochemical features of programmed cell death 
5 (apoptosis) show a characteristic pattern of DNA fragmentation 
resulting from cleavage of nuclear DNA. Recent studies have 
demonstrated that induction of apoptosis by chemotherapeutic 
drugs or ionizing radiation may be related to the status of the 
p53 gene and that DNA-damaging stimuli are able to elevate 
10 intracellular p53 protein levels in cells that are in the process 
of apoptosis (Lowe, et al., 1993, Clarke, et al . , 1993, Fritsche, 
et al., 1993, Harper, et al., 1993, El-Deiry, et al., 1993). 
Inhibition of the cell cycle at the phase by increased levels 
of the wild- type p53 (wt-p53) protein allows more time for DNA 
15 repair; if optimal repair is impossible, p53 may trigger 

programmed cell death. Thus, p53 may contribute to the induction 
of apoptotic tumor cell death by chemotherapeutic agents. 

Inactivation of the p53 gene by missense mutation or 
20 deletion is the most common genetic alteration in human cancers 

(Levine, et al., 1991, Hollstein, et al., 1991). The loss of p53 
function has been reported to enhance cellular resistance to a 
variety of chemotherapeutic agents (Lowe, et al . , 1993) . The 
inventors studies showed that human non-small cell lung cancer 
25 (NSCLC) H358 cells, in which both alleles of p53 are deleted, 
were resistant to chemotherapeutic drugs, whereas cell line 
WTH226b, which has endogenous wt-p53, readily showed apoptotic 
cell death 16 hours after treatment with cisplatin (CDDP) and 
etoposide (VP-16) (T. Fujiwara, E. A. Grimm, T. Mukhopadhyay , J. 

30 A. Roth, unpublished data) . Therefore, the inventors sought to 
determine whether the introduction of the wt-p53 gene into H358 
cells by an adenoviral vector could increase the cell's 
sensitivity to the DNA 'crosslinking agent CDDP in vitro and in 
vivo. 
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Materials and Methods 

H358 cells were kindly provided by A. Gazdar and J. Minna 
(Takahashi, et al., 1989). 

5 Adenovirus Vectors 

The construction and identification of a recombinant 
adenovirus vector that contains the cDNA that encodes human 
wt-p53 (Ad-p53) or luciferase (Ad-Luc) were previously reported 
(Zhang, et al . , 1993). Briefly, the p53 expression cassette that 
10 contains human cytomegalovirus promoter, wt-p53 cDNA, and SV40 
early polyadenylation signal, was inserted between the Xbal and 
Clal sites of pXCJL.l, The p53 shuttle vector and the 
recombinant plasmid pJM17 were cotransfected into 293 cells (Ad5- 
transformed human embryonic kidney cell line) by a 
15 liposome-mediated technique. The culture supernatant of 293 

cells showing the complete cytopathic effect was collected and 
used for subsequent infections. The control Ad-Luc virus was 
generated in a similar manner. Ad-p53 and Ad-Luc viruses were 
propagated in 293 cells. The presence of replication competent 
20 virus was excluded by HeLa cell assays. The yiral titers were 
determined by plaque assays (Graham, et al., 1991). 

Detection of Nucleosomal DMA fragmentation 

DMA was isolated from parental, Ad-Luc-infected, and 
25 Ad-p53 -infected cells that did or did not receive CDDP treatment, 
by incubating cells at 55®C for 6 hours in lysis buffer (50 mM 
Tris-HCl, pH 8.0, 100 mM EDTA, 100 mM NaCl, 1% SDS, and 50 
proteinase K) . DMA was extracted twice with equal volumes of 
phenol and once with chloroform- isoamylalcohol (24:1) and then 
30 precipitated in ethanol. Samples were subjected to 

electrophoresis on a 1.5% agarose gel, and visualized by ethidium 
bromide staining. 
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TdT- mediated dUTP nick end labeling was performed according 
to a procedure previously reported (Gavrieli, et al., 1992). 
Monolayer cells were treated with 0.01% NP-40. The slides were 
immersed in TdT buffer (30 mM Tris-HCl, pH 7.2; 140 mM sodium 
5 cacodylate; 1 mM cobalt chloride) and incubated with biotinylated 
dUTP (Boehringer Mannheim, Indianapolis, IN) and TdT at 37®C for 
45 min. The slides were coyered with 2% bovine serum albumin for 
10 min and incubated with avidin-biotin complex (Vectastain Elite 
Kit; Vector Laboratories, Burlingame, CA) for 30 min. The 
10 colorimetric detection was performed by using diamino-benzidine. 

Results 

H358 cells were transduced in vitro with the human wt-p53 
cDNA by exposure to Ad-p53 . Western blot analysis showed a high 
15 level of wt-p53 protein expression as early as 24 hours after 
infection with Ad-p53, but no wt-p53 was detected in parental 
(uninfected) cells or control cells infected with Ad-Luc (data 
not shown) . Concurrent immunohistochemical evaluation 
demonstrated detectable wt-p53 protein in more than 80% of 
20 infected cells, suggesting that the transfer and expression of 
p53 by AD-p53 was highly efficient (data not shown) . 

Continuous exposure of Ad-p53- infected H358 cells to CDDP 
reduced their viability rapidly, whereas significant cell death 
25 for parental and Ad-Luc-inf ected cells occurred only after 72 
hours of exposure to CDDP (Fig. lOA) . Loss of viability was 
greatly enhanced in cells transduced with Ad-p53 . Moreover, the 
reduction of viability could be observed even when cells were 
maintained in drug- free medium after 24 hours of exposure, 

30 suggesting that lethal damage could be induced within 24 hours 
(Fig. lOB) . The sensitivity of wt-p53- transduced H358 cells to 
CDDP was dose dependent (Fig. IOC) . 
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An internucleosomal DNA ladder indicative of DNA 
fragmentation was evident in cells expressing wt-p53 after 24 
hours of exposure to CDDP; parental and Ad-Luc-infected cells, 
however, did not show DNA fragmentation (Fig. IIA) . Terminal 
5 deoxynucleotidyl transferase (TdT) -mediated 

2' -deoxyuridine-5' -triphosphate (dUTP) -biotin nick end labeling, 
which detects DNA fragmentation characteristic of apoptosis in 
situ, showed many apoptotic cells in Ad-p53- infected, cells 
treated with CDDP for 24 hours as shown in Figure 11 G which 
10 demonstrates darkly staining nuclei and nuclear fragments not 
present in Figures IIB-F. 

Introduction of wt-p53 is known to induce apoptosis in some 
types of tumor cell lines with deleted or mutated p53 
15 (Yonish-Rouach, et al . , 1991, Shaw, et al . , 1992, Ramcfvist, et 
al . , 1993). However, overexpression of wt-p53 alone could not 
promote DNA fragmentation in the p53 -negative H358 cell line 
(Fig. 11), although cheir growth was suppressed by Ad-p53 (Fig. 
10) . This is compatible with the inventors previous observations 
20 showing that stable H358 clones could be obtained after 

retrovirus -mediated wt-p53 transfer and that the clones grew more 
slowly than parental cells (Cai, et al., 1993) . 

The potential therapeutic efficacy of the combination of 
25 Ad-p53 and CDDP was evaluated in terms of the relative change in 
volume of H358 spheroids. The multicellular tumor spheroid model 
exhibits in vitro a histologic structure similar to that of 
primary tumors and micrometastases . Treatment with CDDP caused a 
reduction of relative volume in Ad-p53- infected H358 spheroids, 

30 but had no significant effect on parental or Ad-Luc-infected 

spheroids (Fig. 12A) . In situ TdT-mediated dUTP labeling showed 
many cells in the process of apoptosis on the surface of 
Ad-p53 - infected spheroids, while no apoptotic cells were seen on 
spheroids not infected with Ad-p53 (Fig. 12B-E) . The inventors 
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have previously reported that retroviral -mediated wt-p53 
expression' inhibited growth of H322a spheroids induced by 
transforming growth factor a (TGF-Q!) (Fujiwara, et al., 1993). 
The retroviral vector could not infect H358 spheroids, however, 

5 because cells in these spheroids did not proliferate rapidly in 
response to exogenous TGF-a. The finding that exposure to CDDP 
reduced the size of H358 spheroids infected with Ad-p53 by 
inducing apoptosis on the surface suggests that Ad-p53 infects 
nonproliferating cells and that CDDP initiates the apoptotic 
10 process in quiescent cells. 

EXAMPLE 8 

Using p83 and DNA Damaging Agents in Treatment Regimens 

15 

An animal models has been employed as part of pre-clinical 
trials, as described hereinbelow and in Examples 5, 6 and 7. 
Patients tor whom the medical indication for adenovirus -mediated 
gene transfer treatment has been established may be tested for 
20 the presence of antibodies directed against adenovirus. If 

antibodies are present and the patient has a history of allergy 
to either pharmacological or naturally occurring substances, 
application of a test dose of on the order of 10^ to 10® 
•recombinant adenovirus under close clinical observation would be 
25 indicated. 

For the treatment of cancer using Ad5CMV-p53, recombinant 
adenovirus expressing p53 under the control of suitable 
promoter/enhancer elements, such as the CMV promoter, would be 
30 prepared and purified according to a method that would be 
acceptable to the Food and Drug Administration (FDA) for 
administration to human subjects. Such methods include, but are 
not limited to, cesium chloride density gradient centrifugation, 
followed by testing for efficacy and purity. 
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Two basic methods are considered to be suitable for p53 
adenovirus treatment methods, a direct or local administration 
and a more general administration. The present methods are 
suitable for treating any of the variety of different cancers 
5 known to be connected with p53 mutations. In regard to general 
administration, a simple intravenous injection of adenovirus has 
been shown to be sufficient to result in viral infection of 
tissues at sites distant from the injection (Stratford- 
Perricaudet et al . , 1991b), and is thus suitable for the 
10 treatment of all p53- linked malignancies. The virus may be 

administered to patients by means of intravenous administration 
in any pharmacologically acceptable solution, or as an infusion 
over a period of time. Generally speaking, it is believed that 
the effective number of functional virus particles to be 
15 administered would range from 1 x 10^° to 5 x 10^^. 

Also, particularly where lung cancer is concerned, more 
direct physical targeting of the recombinant adenovirus could be 
employed if desired, in an analogous manner to the intratracheal 
20 administration of the cystic fibrosis transmembrane conductance 
regulator (Rosenfeld et al., 1992). This would result in the 
delivery of recombinant p53 adenovirus closer to the site of the 
target cells. 

25 .. Methods 

In situ dUTP labeling with TdT for detection of apoptosis. H358 
spheroids were fixed on day 3 and stained as described in 
Example 7. Briefly, labeled TdT probes were contacted to slides 
immersed in TdT buffer and incubated with biotinylated dUTP and 
30 TdT at 37®C for 45 min. The slides were covered with 2% bovine 

serum albumin for 10 min and incubated with avidin-biotin complex 
for 30 min. The colorimetric detection was performed using 
diamino -benz idine . 
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Induction of apoptosis by CDDP after in vivo infection with 
Ad-p53. H358 cells (5 x 10®) in 0.1 ml Hank's balanced salt 

solution were injected subcutaneously into the right flank of 
BALB/c female nu/nu mice. Thirty days later, 200 /xl of medium 
5 alone or medium containing Ad-Luc (10® PFU/ml) or Ad-p53 (10® 
PFU/ml) was injected into tumors with a diameter of 5 to 6 mm. 
Intratumoral injection (100 /xl) and peritumoral injection in two 
opposite sites (50 /xl each) were performed. CDDP (3 mg/kg) or 
control physiological saline was given intraperitoneally . (A) 

10 Tumor volume changes. The tumors were measured with calipers in 
two perpendicular diameters without the knowledge of the 
treatment groups, and a tumor volume was calculated by assuming a 
spherical shape with the average tumor diameter calculated as the 
square root of the product of cross-sectional diameters. Five 
15 mice were used for each treatment group and the mean +/- SE is 
shown. The data was analyzed using the Student's C-test. The 
arrow shows the day of treatment. Two independent determinations 
are shown, p <0.05 from day 5 in test 1; p < 0.05 from day 7 in 
test 2. Histologic study using the TdT-mediated biotin-dUTP 
20 labeling technique. Tumors were harvested 5 days after the 

beginning of treatment and immediately embedded into 0. C. T. 
compound. Frozen tissues were cut in a cryostat at 5-/xm 
thicknesses. The sections were treated with 1 /xg/ml proteinase K 
and stained as described above. All animal care was in 
25 accordance with the UT M.D. Anderson Institutional Animal Care 
and Use Committee. 

Results 

To demonstrate the in vivo efficacy of the methods and 
30 compositions efficacy of a combination of gene replacement 

therapy and chemotherapy in human cancer, the inventors examined 
whether sequential administration of Ad-p53 and CDDP could induce 
apoptosis in vivo. Following 3 days of direct intratumoral 
injection of Ad-p53 or intraperitoneal administration of CDDP, 
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H358 tumors implanted subcutaneously in nu/nu mice showed a 
modest slowing of growth. However, if Ad-p53 and CDDP were 
simultaneously administered, tumors partially regressed and the 
tumor size remained statistically significantly smaller than 
5 those in any of the other treatment groups. The growth 

inhibitory effect was even more pronounced after two treatment 
cycles (Fig. 13A) . Histologic examination revealed a massive 
destruction of tumor cells in the area where Ad-p53 was injected 
in mice treated with CDDP. In situ staining demonstrated many 
10 apoptotic cells around acellular spaces (Fig. 13B-E) . In 

contrast, tumors treated with CDDP alone or Ad-p53 alone showed 
neither acellularity nor apoptotic areas.. 

In more detail, preferred treatment protocols may be 
15 developed along the following lines. Patients may first undergo 
bronchoscopy to assess the degree of obstruction. As much gross 
tumor as possible should be resected endoscopically. Patients 
should preferably undergo bronchoscopy under topical or general 
anesthesia. A Stifcor'^"' transbronchial aspiration needle (21g) 

20 will be passed through the biopsy channel of the bronchoscope. 

The residual tumor site would then be injected with the p53 
adenovirus in a small volume such as about 10 ml or less. 

In any event, since the adenovirus employed will be 
25 replication incompetent, no deleterious effect of the virus 

itself on subject health is anticipated. However, patients would 
remain hospitalized during the treatment for at least 48 hours to 
monitor acute and delayed adverse reactions. Safety-related 
concerns of the use of replication deficient adenovirus as a gene 
30 transfer vehicle in humans have been addressed in the past 

(Rosenfeld et al . , 1992; Jaffe et al . , 1992), but the dose of 
adenovirus to be administered should be appropriately monitored 
so as to further minimize the chance of untoward side effects. 
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There are various criteria that one should consider as 
presenting' the existence of a need for response or the existence 
of toxicity. To assist in determining the existence of toxicity, 
the tumor bed should be photographed prior to a course of 
5 therapy. The longest diameter and its perpendicular will be 

measured. Size will be reported as the product of the diameters. 
From these data, one can calculate from these numbers the rate of 
regrowth of the tumor. 

10 The time to progression can also be measured from the first 

observation with reduction in tumor bulk until there is evidence 
of progressive disease. Progressive Disease is defined as an 
increase of > 25% in the sum of the products of the diameters of 
the measured lesion. Patients must have received at least two 
15 courses of therapy before a designation of progression is made. 
The survival of patients will be measured from entry into 
protocol . 

Follow-up examinations would include all those routinely 
20 employed in cancer therapy, including monitoring clinical signs 
and taking biopsies for standard and molecular biological 
analysis in which the pattern of expression of various p53 genes 
could be assessed. This would also supply information about the 
number of cells that have taken up the transferred gene and about 
25 the relative promoter strength in vivo. Based on the data 

obtained adjustments to the treatment may be desirable. These 
adjustments might include adenovirus constructs that use 
different promoters or a change in the number of pfu injected to 
ensure a infection of more, or all, tumor cells without 
30 unphysiological overexpression of the recombinant genes. 

It is contemplated that the expression of exogenous genes 
transferred in vivo by adenovirus can persist for extended 
periods of time. Therapeutically effective long-term expression 
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of virally transferred exogenous genes will have to be addressed 
on a case by case basis. Marker genes are limited in their 
usefulness to assess therapeutically relevant persistence of gene 
expression as the expression levels required for the amelioration 
5 of any given genetic disorder might differ considerably from the 
level required to completely cure another disease. 

* * * 

10 

While the compositions and methods of this invention have 
been described in terms of preferred embodiments, it will be 
apparent to those of skill in .the art that variations may be 
15 applied to the composition, methods and in the steps or in the 
sequence of steps of the method described herein without 
departing from the concept, spirit and scope of the invention. 
More specifically, it will be apparent that certain agents which 
are both chemically and physiologically related may be 
20 substituted for the agents described herein while the same or . 

similar results would be achieved. All such similar substitutes 
. and modifications apparent to those skilled in the art are deemed 
to be within the spirit, scope and concept of the invention as 
defined by the appended claims. All claimed matter and methods 
25 can be made and executed without undue experimentation. 
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